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This document constitutes a portion of the final report (SID 65-500)

for Addendum 1 of Contract NAS9-3140, Extended Apollo Systems Utilization

Study, dated 6 July 1964, prepared by the Space and Information Systems

Division of North American Aviation, Inc. The analyses described herein

and in the volumes listed below were conducted under the direction of the

National Aeronautics and Space Administration's Spacecraft Center

as an addendum to the basic contract which included the Apollo X Study

(SID 64-1860) and the Prolonged Missions Study (results to be published

later). This final report has been prepared in a series of five volumes as
follows:

I. Summary

2. Experiment Analysis and Requirements

Part I: NASA Flights

Part II: Air Force Flights

Appendix A. NASA Experiments

Appendix B. Air Force Experiments

Appendix C. Mission Scheduling Computer Printout for NASA

Flights

3. Configuration Analysis and Experiment Accommodation

Appendix A. Engineering Drawings

Appendix B. Air Force Missions

4. Subsystems Analysis

5. Development Planning

- iii -
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AB ST RACT

This report defines the design characteristics of four potential extended mis-

sion Apollo spacecraft designed to specific NASA mission and configuration
requirements. All configurations are for Earth-orbital missions, which include

low inclination, polar, and synchronous orbits and comprise a total of 15 NASA
missions.

The four configurations studied present various degrees of modification to

the Apollo Block II CSM. Configuration 1 is employed for 14-day missions and

requires minimum modification. It may be used with either an experiments rack

or pallet or both. Configuration C is identical to the Apollo X CSM and is

utilized with an experiments rack for durations of up to 45 days. Configuration D

is essentially a Block II CSM, with subsystems for life extension installed in the

experiments rack. Additionally, an experiments pallet may be installed in the

Configuration D CSM. Configuration D' is for 30-day missions and uses the

Block II CSM as a baseline, similar to Configuration D. Early schedule require-

ments, however, dictate the prototype modification of critical subsystems in

Configuration D' in order to meet the 30-day mission requirement.

The capability of each configuration was measured against the requirements

dictated by 15 NASA-derived experimental packages. Additionally, the Air Force

MOL experiments were examined and optimally grouped in a minimum number of

flights. It was found that all NASA missions could be accommodated within the

capabilities of the applicable configurations with certain revisions to experiment

operation and/or mission duration to meet launch vehicle payload limits. All

Air Force experiments could be accommodated in five flights.
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PREFACE

Over the past two years, a number of investigations have been per-

formed to determine the characteristics of modifications required to extend

the orbital duration of the Apollo spacecraft for alternate mission applica-

tions. Initial studies examined system characteristics for application as a

120-day Earth-orbital laboratory vehicle. Because of this extended duration,

it was necessary that advanced subsystem concepts be employed in several

cases to remain within the payload capabilities of the Saturn IB launch vehicle.

Subsequent studies determined the characteristics of the Apollo CSM assuming

restriction to use of only current Apollo subsystems concepts. Under this

restriction, it was found that the Earth-orbital duration capability of the CSM

was limited to approximately 90 days because of Saturn IB payload limits.

The recently concluded Apollo X study examined in depth the CSM

characteristics and modifications required to perform NASA near-term mis-

sions of interest. These missions included both extended Earth-orbital and

lunar-orbital mission durations of 45 and 34 days, respectively. Concurrent

with the Apollo X study, separate contractors were examining the character-

istics of: (1) the LEM ascent stage modified for use as an experiment module,

and (2) an experimental laboratory module of new design.

Since the conclusion of the Apollo X study, several configuration innova-

tions have been conceived by NASA which could warrant inclusion in the Apollo

Extension Systems (AES) program. Two of these innovations take the form of

experimental modular appendages and are identified as a "rack" and a "pallet";

the rack could be used in place of the modified LEM or a new laboratory

module, and the pallet could be installed in the empty bay (Sector I) of the

service module. Using these modular appendages, the alternate mission

capability of the Block II Apollo could be increased through the addition of

experiments as well as subsystems required for mission life extension beyond

14 days. It became apparent that further studies were warranted relative to

(1) the comparative operational effectiveness of the various experimental

appendages, and (2} the possible methods for extending the orbital duration

capability of the CSM. The method selected to achieve orbital-life extension

could actually result in varying degrees of CSM changes--depending upon the

subsystem extension philosophy implemented.

A matrix of configurational approaches could readily be defined as only

partially indicated in the accompanying chart, AES Concepts (Figure 1), with

corresponding variations in costs, schedules, and operational capabilities.

Therefore, in order to evaluate the characteristics and capabilities of each of the

- V -
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Figure I. AES Concepts

possible combinations, parallel AES studies were initiated by NASA. S&ID

was responsible for evaluating the characteristics of the CSM, rack, and

pallet; Grumman and Boeing conducted separate studies of the EEM experi-

mental module and new laboratory module design, respectively. The results

of the three contractor studies were to be in a form such that the design

and development characteristics of all possible system elements could be

assembled by NASA into complete configurations and development programs

of their own choosing.

The S&ID study was concerned with the examination of several basic con-

figuration approaches, each of which represents varying degrees of Block II

CSM modification, experimental capability, operational complexity, and pro-

gram costs. These configuration approaches are defined as follows:

CONFIGURATION 1

By NASA definition, Configuration 1 is essentially the Block II

CSMmwithout major changes, but with the addition of an experimental pallet

(in SM Sector 1 ) and/or an experimental appendage (rack or laboratorymodule)

docked to the CM during orbital operations. Orbital life is necessarily limitedto

14daysorlesssincechangestotheCSM subsystems are precluded. Subsystems

support for the experiments mexcept for those in the pallet-- is provided by the CSM.

CONFIGURATION C

Configuration C is identical to the CSM approach derived in earlier

Apollo X studies where mission life extension to 45 days was achieved through

- vi -
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the addition (in the CSM) of expendables, spares, and redundancies of Apollo

Block II subsystems. Since the service module Sector 1 is occupied by

subsystemsinthis approach, the pallet does not apply here. However, the

rack or either of the laboratory modules would be included. As in

Configuration I, support of the experiments housed in the rack or laboratory

module is provided by the subsystems located in the CSM.

CONFIGURATION D

Configuration D was to be based upon use of the Block II CSM with

minimum modifications, in combination with an experiments/subsystems rack

or laboratory module and with a pallet if required. Experiment support is

provided by the CSM subsystems during the first 14 days (approximately) of

orbital operation, after which subsystems life extension provisions installed

on the (experimenta ! appendages) would provide support both to the CSM and

the experiments for the remainder of the 45-day orbital duration. By defini-

tion the subsystems installed on or in the experimental appendage were to be

of the type defined under the prior Apollo X study; these included, for example,

extended life fuel cells with in-space start, new cryogenic tankage, etc.

During the early phases of the study, the Configuration D approach was modi-

fied through mutual agreement by NASA and ShID at a series of weekly

interface meetings. As a result, additional Configuration D ground rules were

--of necessity--formulated which yielded a configuration that does not abso-

lutely adhere to the requirement that the Block II CSM remain unchanged.

More explicitly, revised Configuration D ground rules resulted in the instal-

lation of only the power system life-extension capability on the external

device.

CONFIGURATION D'

Additionally, a requirement for one early 30-day mission (Flight 211),

dictated the establishment of a unique approachmwhich was identified as

Configuration D" by S&ID. This configuration is similar to Configuration D

with respect to subsystem location and general arrangement. However, in

Configuration D" the mission life-extension is provided by the use of only

Block II subsystems that are "stretched" through prototype modifications to

accomplish the required 30-day mission. The cryogenic storage system

included on the rack, for e_xample, is comprised of multiples of Block II

cryogenic tanks rather than of the new and larger tanks defined in the Apollo X

study.

A summary of characteristics of the four configurations of interest is

presented in Table 1. A detailed definition of the vehicle and subsystems

ground rules for each configuration may be found in appropriate volumes of

this report.

- vii -
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Command

Module

Service

Module

Rack

(external

device)

Table I. Configuration Characteristics

Structure

Subsystems

LiOH and crew systems

Umbilical to rack

Structure

Cryogenics

Fuel cells

RCS

SPS tankage

Sector I

Cryogenics
Fuel cells

LiOH and crew systems

I
Configuration 11 Configuration D'

(14 Days)

Block II

Block II

1 day

Block II

Block II

Block II

Block II

Block II

Empty or

pallet

None

None

13 days

(30 Days)

Block II

Block II modified

1 day

Block II

Block II

Block II

Block II

Block II

LMS installation

Block II

Block II modified

29 days

C onfig u ra rio n C

(45 Days)

Block IIA

Apollo X

1 day

Block IIA

Apollo X

I000 hours

As needed

As needed

EPS installation

None

None

44 days

Configuration D

(45 Days)

Block IIA

Apollo X

1 day

Block H modified

Block II

Block II

As needed

Block lI

Empty or pallet

Apollo X

I000 hours

44 days

The'xiesign approach for each configuration was based upon consideration

of the application of a standard vehicle capable of performing the defined NASA

missions and Air Force experiments. Additionally, CSM/external appendage

interfaces were mutually defined among NASA, S&ID, Boeing, and Grumman

such that the CSM for each appropriate configuration could be used alternately

with either the rack, pallet, LEM laboratory or separate laboratory module

without change. S&ID studies of the rack were also oriented toward providing

a common rack design for all configurations and missions which wou]d be

capable of containing experiments, or experiments and subsystems as

required.

The primary objective of the study was to define the characteristics and

capabilities of various CSM/rack/pallet combinations as applied to experi-

mental flight package and mission constraints defined by NASA. The actual

grouping of each of 15 experimental flight packages was the responsibility of

IBM under the direction of NASA. Consequently, S&ID's role in the NASA

experiments area was limited to defining the configuration and subsystems

requirements demanded by each of these experimental flight groupings as a

basis for the experiment integration task. The Air Force individually spec-

ified experiments were integrated into similar, but separate, vehicles;

however, the optimal grouping of these experiments--in order to minimize

the number of flights required--was accomplished by S&ID.

- viii -
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each of the matrix considerations, development planning studies were per-

formed based upon the NASA defined launch schedule (AE 65-1), which entails

a total of Z8 manned AES flights through the first quarter of l ° _

- ix -
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!NTRODUCT !ON

The objectives of the experimental analysis part of the study were to:

(1) demonstrate the operational compatibility of'specified experiments with

Apollo Extension System (AES) missions and performance parameters,

(2) examine the feasibility of accommodating these experiments in specified

AES configurations, and (3) conduct a preliminary integration analysis of

assigned groupings of experiments on given flight missions.

The scientific or operational objectives, individual experiment designs,

basic experiment groupings, and assignment of these groups to flight missions

were specified by NASA for the series of 15 AES Earth-orbital flights

considered. Design variations and engineering assumptions were allowed,

within the overall constraint that there would be no deviation from NASA-

specified experimental objectives. With the exception of relatively minor

additions to NASA-specified "designs, " this study has not included any

significant experimental design effort. Physical accommodation was defined

to thepreliminary design level, as necessary, to confirm packaging and

perfoi'mance feasibility. Specified equipment data were applied whenever

pos sibIe. ......

Standardization and minimum modification were sought throughout the

study, which was conducted under the following broad ground rules:

• All flights are assumed to have three crewmen

• All flight groupings are to include the biomedical, behavioral, and

radiation monitoring experiments specified by NASA.

• The experimental accommodation analysis sequence for each flight
is as follows:

.

Z.

°

If possible, place all experiments in the Command Module

If Command Module volume is exceeded, attempt to accommodate

the remainder of the experiments program on an experimental

pallet carried in Sector 1 of the Service Module

If still more space is needed, substitute the experimental rack

for the pallet and again attempt integration

4. If not feasible any other way, use both pallet and rack

- 1 -
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D If any case i._ found to be weight-limited, or if other system

limits prevent experiment scheduling, reduce experiment frequencies

or flight d_ration wbile retaining m_axim__um accomplishment of

_stic alternatives are considered.

A different basic approach was necessary in the case of integration

analysis of the Air Force experiments, which were unspecified as to mission

grouping or flight assignment. In this case, the S&ID study objective was to

integrate the entire AF experimental program in a minimum number of

launches with maximum mission accomplishment. A more specific dis-

cussion of the approach to integrating Air Force experiments in AES vehicles

will be found in Part 2 of this volume with results of the analysis.

The integration analysis included parallel examination of subsystems

design (reported in detail in Volume 4) and physical accommodation in

various configurations (Volume 3). This document, Volume Z, presents

the summary results of operational integration, to include the establishment

of requirements, operational feasibility analysis and scheduling of experi-

ments relative to crew time and system operations. By agreement with

NASA, 11 of the 15 NASA AES flight missions were carried through the

preliminary iri_fegrati0n analysis level by S&ID. The other four missions

were exarnindtl _to the extent necessary to establish preliminary

accommdc_afi6n_aFiCl_t0 provideinterfaces between rendezvous flights.

- 2-
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APPROACH

The overall experiment integration study logic is shown in Figure 2.

The specified experiments were received in a standard NASA descriptive

format. Because the degree of definition of individual experiments varied

considerably, it became necessary to reduce all experiments to data formats

amenable to both technical analysis and computer scheduling. The Critical
Inter_aces Standard Format was utilized as the uniform tabulation from which

equi_nt retirements and individual subsystems operating profiles were

derived_'_-Conc_rrent/technical analyses of data management, controls, dis-

plays_ _ and _rew operations contributed to the derivation of system design

factors which were applied in the computer scheduling analysis.

The product of the study can be termed (as noted in Figure 3)

"Determination of Mission Feasibility'.'Such a product can consist of a simple
yes or no_f_ement..- _ value of which is based on the level of confidence

with which :thestatement is made and on the depth of analysis.
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Figure 2. Experiments Integration Study

-3-

SID 65" 50 0- ZA



NORTH AMFRICAN

--_ "'IF" - II

vvo.i-..,i.iw I I_IL

AVIATION= INC. ,' SPA(:F." and I NF()it.%IATION _Y_TE,%I_ DIVI.qlC)N

For the NASA study, a further product might have been a detailed

analysis of the relative capability of various study corLfigurations to accom-

plish some proportion of an assigned mission, However, because the defined

effectivenes s in a purely experimental sense _arned out to be either difficult

to measure or not applicable. Data to support choices between study config-

urations, therefore, is generally limited to system and weight comparisons.

Several byproducts of the study were produced in the process of

integration analysis. These are discussed in the following paragraphs.

STANDARD EXPERIMENT FORMATS

Before theApollo Extension Systems (AES) experimental flights actually

occur, many changes in currently defined experiment parameters may be

expected. Existing spacerated equipment will be improved and new equipment

will be developed. Manned and unmanned orbital flight programs will precede

extended Apollo studies and will affect the basic requirement for scientific

observation. The experiments themselves will be subject to increasing

scrutiny and continuous redefinition. Under these conditions, the value of

current experiment design varies not only with the representativeness of

operational demands, but also with the consistency with which experiment

data are applied among various comparison studies. To achieve this consist-

ency and representativeness, a standardized tabulation of critical interface

data, based on formats originally furnished by NASA, has been used during

this study. The completed formats, in most cases incorporating engineering

assumptions that were necessary to achieve completeness, are contained in

Appendixes A and B. Data presented in these formats formed the basis for

all spacecraft integration analysis.

-4-
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SYSTEM OPERATING PROFILES

The first step in reducing experiment definitions to actual spacecraft

operating requirements is the specification of time-sequenced operating

profiles for each critical subsystem. During the preliminary integration

phase of the current study, the effects of interaction between subsystems

themselves could be considered only in the more obvious cases. Advanced

integration will require complete analysis of such interactions. Because of

the extremely compressed study schedules, conversion of individual sub-

system profiles to a total mission profile was often handled by assuming an

average level of subsystem operation, rather than use of a detailed profile.

Although this made it possible to expedite completion of the integration

analysis, it is als0 believed to have resulted in generally conservative
estimates.

This problem is strikingly illustrated by the case of the power subsys-

tem profile of Flight 215. This mission was re-run in the computer schedul-

ing __ using detailedltask power profiles on the second run. When so

sch__!_a si_icant decrease in estimated power demand resulted. It is

pos__4_adv_nced integration studies, undertaken with better experiment
_-: -_ :-_

definition and incorporating more sophisticated subsystem interactions and

detailedprofiles, will continue to reflect general decreases in experimental

demands.

The system operating profiles applied during this study are included,

when pertinent, in each flight mission section. As mentioned previously,

considerable difficulty was encountered in the conversion of individual exper-

iment operating profiles for each subsystem to a mission profile, which

accurately reflected task requirements on a time-sequenced basis. Although

the logic for mission integration of task profiles is clear, the number of

integrations required at each scheduled time interval suggests that a computer

program to handle the problem is essential.

An example of the complexity of relationships is afforded by the inclu-

sion of Gg_ system power demand in a detailed task Profile. If more than

one task should be scheduled by the computer to occur simultaneously, only

the G_/power increment for one of the tasks should properly be included.

This, in turn, may affect the scheduling, and so on. Practically, it was

necessary at this phase of integration methodology to provide manual conver-

sion to mission profiles with resultant inaccuracies as well as higher costs

of operation. The next phase of computer development, discussed in the

next section, will provide more sophistication and may achieve the degree

-5-
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of advanced integration necessary for determination ol system experimental

efficiency. It will be noted that the current study is considered to be limited

to the third level, preliminary integration analysis, on the scale of integration

phase,_ _hown _n Tnhie 2.

Table 2. Experiment/Spacecraft Integration Phases

Io

If.

Ill.

Phase

Preliminary
accommodation

analysis

Advanced

accommodation

analysis

Preliminary

integration
analysis

, % .... :

IV. Advanced

integration

Analysis

V. Experiment/

system

integration

Provides

Parametric feasibility

Operating feasibility

Within system segmenu

Parametric system capacities

Operating efficiency

within total system under parametric
mission cond

Gross scheduling
.... " :: .... of experiment increments within overall

....... : .... system c amtraints

Operating effectiveness

of total system experiment complex

Detailed scheduling

of system interactions & experiment interfaces

Maximum use

of total system experiment capacity for

each experiment increment

Hardware specs

for each experiment flight increment

Flight mission operati ns plans

Useful For

Conceptual

planning

Preliminary

conliguration
selection &

design

General system &
mission

planning

CO 122pa riso ns

between

systems

Flight &

production
schedule
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Multiple Activities Scheduling Technique (MAST) is a computer program

developed by S&ID to schedule routine and experimental activities. This pro-

gram insures reasonable allocation of crew time and automatically schedules

all activities to obtain good use of subsystem capacities within imposed

restraints.

Prior to automatic scheduling, all experiments and'routine tasks are

defined in terms of their demands on the system capacities. These capacities

are related to design factors and include crew member availability, electrical

power, thermal capacity, and availabi/ity of specified items of equipment.

Routine tasks include such items as sleep, meals, hygienic functions, and

recreation. MAST distributes all activities over a design factor-time-

percent utilization cube so that the capacity of each design factor is never

exceeded and the logical dependencies among tasks are respected.

: Tasks_ are said to be either singular or repetitive. For repetitive tasks,

the timd_:gf(_e:ird'tial execution, the number of repetitions, and the inter-

repdE1-tiO'fi£fl_b_V_tl is to be specified. Singular tasks are those that are

executed only once during the mission. Slack time may be assigned permit-

ting the task to be scheduled to start within a prescribed interval after the

specified start time.

Tasks may be divided into as many as six time segments to permit

greater precision in the assignment of design factor loads, should these vary

significantly during task execution. This feature also permits the combina-

tion of several tasks of short duration without the loss of detail. Because

the execution of one task may require that other tasks be accomplished first,

MAST permits the specification of up to five logical prerequisites for each

task. The prerequisite tasks may themselves have up to five prerequisite

tasks each. No task will be scheduled for execution earlier than all pre-

requisite tasks.

For some tasks, a particular requirement might be satisfied by

imposihg a load upon any of several design factors, depending upon which

ones are available. A design factor set contains those that will meet a

particular type of requirement equally well. if a certain task could employ

any available crew member, this set would be specified. Another set might

be that subset of the crew possessing particular qualifications. This feature

of MAST permits fuller utilization of subsystem capacity by specifying the

elements of a set to be equivalent in ability to satisfy cert=_in requirements.

- 7-
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Experience with scheduling spacecraft activities has shown that most

task items are of the repetitive type; hence, all tasks are treated as repetitive,

with singular tasks having zero repetitions. From this experience, it is now

apparent chat mo._t task item._ _re r_ftha f{xarl_t_rt-tirne variety; it is also

evident that all items can be assigned a fixed start-time with slack time. For

items that can be executed at any time during the mission, the specified start

time is the first time unit and the slack time is the duration of the mission.

For these items, the scheduled execution time depends only upon the system

capacities, the loads imposed by the task, the logical prerequisites, and the

priority value assigned the item. The general task item is treated as repeti-

tive and fixed start-time with slack. The number of repetitions may be as

small as zero (singular tasks), and the slack may be between zero andmission

length.

Application of the scheduling program in this study demonstrated the

feasibility of scheduling experimental missions for each flight and experiment

group under consideration. Minor deviations that resulted from scheduling
conflicts are described when they occur in each flight mission section. The

complete mission scheduling printout for each flight mission appears in
Appendix C.

-8-
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DISPT,AYS A_F) COTqTRCJi,S

The technical analysis of each experiment and experiment mission

group included analysis of experimental control/_lisplay requirements and

system constraints. Potential control/display approaches were examined

in terms of state of development, availability, adaptability for AES use,

user-acceptability, and functional redundancy.

Based on preliminary analysis, a trial control/display configuration

was conceived for a single typical flight. This configuration was then

reviewed for its abilit_ to accomplish the control/display requirements of

all other flights, with the aim of achieving standardization between flights

and resultant benefits in cost reduction or efficiency.

Flight 209, the first of the series, was selected as the representative

design example. Table 3 is typical of the analytical process used to

establish requirements for each flight, Matching of the Flight 209 control/

dis_t_a_et-and console-design against the experimental requirements of

all ._:ftights established that only a minimum of electromechanical

charrgtr_ould, with extensive programming modification, achieve standard-

ization. The conceptual integrated display configuration is shown in

Figure 3.

The system incorporates a computer and cathode ray tube. The data

processor is used as a display generator for the cathode ray tube, and to

meet requirements for data storage and retrieval typical of the behavioral

experiments series. Dissimilar presentation formats are used for the

experiments. These formats can be modified along with total data displays

by reprogramming the computer. Computer reprograrnming is achieved by

a data link either prior to launch or while in orbit. Parallel processors may

be used. A simplified block diagram of an available system is shown in

Figure 4. This system also provides for the potential input of operational

subsystems data.

-9-
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DATA MANAGEMENT SYSTEM

The pertinent functional requirements imposed upon the data system

by the experiments determine the form of data {analog or digital), the amount

of storage capacity required {feet of magnetic tape per experiment), and the

total transmission minutes required per day. To arrive at this summary,

each of the experiments selected for the mission was first analyzed to convert

the measurements of scientific phenomena into data-handling requirements.

Form of data, dynamic range, accuracy, and bandwidths were all

considered. Analog frequency response and the digital-bit rates required

determined the tape speed. The quantity of tape was derived from the exper-

iment data acquisition period. The experiment repetition frequency then

determined the rate at which information must be collected, stored and trans-

mitted to avoid overloading the data management subsystem.

: A_dardized data management subsystem is proposed for use with

each of!tl_ NASA missions. This system is described in detail in Volume 4'

of t_ef_r¢. The standardized data subsystem can simultaneously record

nine analog continuous channels (frequency response 12. 5 to 5000 cps) and

one serial PCM-NRZ digital channel (51,200 bps). The recorder speed is

15 inches per second for a period of 30 minutes per reel of magnetic tape.

The analog-to-digital converter, multiplexers and programer of the

standardized data management subsystem can be arranged to process a

multiplicity of analog high-level, analog low-level, digital parallel, and

digital serial input channels {described in Volume 4).

As an example, the system can digitally process 270 high-level analog

channels and 50 low-level analog channels into eight bit words at sampling

rates varying from Z00 to I sample per second. The unit also includes a

provision for processing 3Z digital parallel inputs at sampling rates of from

200 to 1 samples per second and one 40-bit serial word at 50 samples per
second.

In an alternate mode of operation, the standardized system can process

and record nine analog continuous channels (frequency response 12.5 to

1250 cps) and one serial PCM-NRZ digital channel (1600 bps). The recorder

speed is 3.75 inches per second for a period of 128 minutes. During trans-

mission of this data, the playback tape speed is 120 ips when only digital

readout is desired; this playback speed permits 120 minutes of recorded data

to be transmitted to ground in a period of 3.75 minutes.

- 13-
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CREW OPERATIONS

The functions of the crew members in an orbital research laboratory

are to operate and maintain the laboratory as a spacecraft, to maintain them-

selves as an important subsystem of the spacecraft/laboratory, and to

implement the research program to the extent that this program will benefit

from onboard human participation. In an experiment integration study, the

crew functions of major interest are those derived from the crew members'

role in the experiment program. However, it is also necessary to give

attention to spacecraft operations and crew maintenance functions, if only

because of their constraint upon time for crew research functions.

In analyzing and describing the operations which derive from the space-

craft rnar_gernent, personal maintenance, and experiment functions of the

orbital spacecraft/laboratory crew, it is first necessary to describe the

general operations which the crew members carry out. Following this

generat description, it is necessary to examine influence of configurations,

syst_;:: e_ri_nent design, _ etc. upon these operations as they are carried

out ii_:the-rr_s!_&ns under study. On the basis of general description and

spec_6 de_efi_ninants of crew operations it is then feasible to arrive at

realistic, if tentative, estimates of crew operation time requirements.

In accordance with the experiment integration emphasis of the present

study, it has not been considered necessary to initiate new investigations of

crew operations associated with spacecraft management and personal main-

tenance. This being the case, only sufficient reference is made to these

areas of crew operations to present more or less standardized procedures

which would be compatible with configurations, systems, and missions within

whose context the various experiments are integrated into various flights.

However, it is safe to say that the individual experiments and associated

equipment have been as thoroughly analyzed from a crew operations stand-

point as the scope, duration, and organization of the present study would

permit. It is furthermore safe to say that the principal limitation upon pre-

cision of definition of crew experiment operations has been the precision of

definition of the experiments themselves.

TYPES OF CREW OPERATIONS

As noted previously, crew operations for all of the various flights break

down into spacecraft management, crew maintenance, and experiment

operations, of which the last category is of most importance in the present

study.

- 15-
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Spacecraft m.anagement operations include i .__au .....operations, systems

management, piloting, infiight maintenance, deorbit and entry, access, and

_h_ Crew operations d, -_,_ I_,,_ ........ _d ÷_ k_ _.... i..... r- ^._

_ _uu_ controlled systen% tunctloi-_s.

Systen% ._.=.._Men-,ent operations are those associated with initiation, checkout,

monitoring, adjustment, and other routine attention to systems status and

action. Piloting functions include attitude control, Delta V and such naviga-

tion operations as may be assigned to on-board crew responsibility. De-

orbit and entry are those operations which take place from time of CM/SM/

rack or LEM separation to landing. Access functions refer to general crew

movement during the course of spacecraft management, personal maintenance,

and (possibly) inter-vehicular transfer. Inflight maintenance includes such

routine ad_us_ent and replacement as may be required or allowed by space-

craft systems and such non-scheduled or emergency repair as may be allowed

for the in-me,,_ystem design and reliability philosophy. Abort operations

include a possible on-board manual back up for launch abort as well as emer-

gency procedures associated with non-scheduled de-orbit and entry. These

crew operations are described in greater detail in the individual flightmission

sections of this volume. Crew operations associated with personal mainten-

ance include sleeping, food preparation, eating, exercise, personal hygiene,

waste management, and recreation. These are routine crew operations which

are common to all flights, except as they may be modified by certain

biomedical and human performance experiment requirements.

The crew operations required in and by the research program, i. e. ,

directly associated with experiments, vary by experiment or groups of

experiments. However, it is feasible to classify crew experiment operations

into type categories. These categories of operations are defined in the

following paragraphs.

Experiment Logistics

This category includes operations which are involved in preparing for

an experiment or test session, tearing down equipment after an experiment

or test session, or otherwise supporting actual data collection or observation

phases.

I. Set-up, initial- Once per mission, assembly, preparation, and

check out of experiment equipment.

2. Set-up, periodic - Assembly, preparation and check out of equip-

ment before (usually) each test session or at other intervals.

3. Tear down, periodic - Disposition of equipment after (usually) each

test session or at other intervals. Includes item storage.

- 16-
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4. Tear down, final - Disposition of equipment at end of mission or

after last test session. Includes storage of items for Earth return.

6. Align - standard usage.

e Pilot - Spacecraft control, e.g. attitude control, by a crew member

in direct support of experimentation.

e Extra-vehicular Activity (EVA) - EVA may be considered a standard

type of operation even though the operations carried out therein may

vary over experiments. As used herein, EVA presupposes an air-

lock and includes the following standard operational procedure:

Crewman #I (C-l) Crewman #2 (C-2)

a. Obtain, don, check out

pressuresuit and PLSS

Obtain, don, check out

pressure suit.

be Enter airlock, pressurize

suit, obtain tools, tether,

etc.

Assist C-l; close internal

airlock hatch

c. Depressurize airlock Monitor C-I and airlock

cL Open external airlock

hatch

Monitor C-1 and airlock

e. Egress airlock Monitor C-I and airlock

f. Attach tethers, obtain,

don, check out AMU

Monitor C-1 and procedure

g. Accomplish experiment

task

Monitor C-1 and procedure

h. Release tether, store

AMU

Monitor C- 1

i. Ingre ss airlock Monitor C-I and airlock

j. Close external airlock

hatch

Monitor C-I and airlock

- 17-
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Crewman #I (C-l) Crewman #Z (C-Z)

L- Pressurize air!ock;

d_._ _''';-_,_suit; store

teL,_r, _I_, etc.

k4onitor C-! and air!ock

1. Open internal airlock

hatch; leave airlock

Assist C-I

m. Doff, replenish, check, Doff,

store pressure suit and

PLSS

store pressure suit.

The above procedure is applicable to full EVA. "Partial" EVA, i.e.

lean-out or reach-out without leaving the airlock would essentially call for

steps a through d and glthrough m.

Data Collection

This category includes functions which are directly involved in the

collection o l dataduring an experiment session.

I. Ap lyeq pment, self-Applicationofequipmentto selfwhere such
application is a direct source of data, e.g. handling objects for

tactile discrimination of shape.

2. Apply equipment, other - Same as item 1 to another crew member,

e.g., bioelectronic sensors and leads.

3. Observe, self - Observation of own performance, sensations, etc.

4. Observe, other - Observation, primarily non-instrumented, of

another crew member's performance.

5o Observe, direct, non-personnel- Direct observation, possibly

assisted by an optical device, of status or behavior of an object

or scene.

6. Panel operation - Control-display utilization from panel or console

specific to experiment grouped equipment.

7. Observe, non-display - Direct read-off of data from a non-

quantitative change, e.g. change in color of a solution.

- 18-
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8. Bio-sample, self - Obtain a biological sample from self, e.g.

urine.

Q
/.

member, e.g. blood.

10. Subject - Cooperation in being observed by another crew member

(or by ground support)

II. Bio-sample, process - Laboratory analysis of bio-samples.

12. Other, process - Processing of other than bio-samples as a data

collection technique, e.g. processing an emulsion e_osed to
radiation.

13 ..... Other - Any infrequently occurring crew function not covered by the
above.

It should be noted that any of the preceding operations except No. 's 8,

9, and 11 could conceivably be in the EVA mode, i.e., constitute step g of

the EVA operational procedure described under Experiment Logistics.

Dam Handling

This category includes crew functions which are involved in the direct

disposition of formating collected data.

i. Photo, etc. - Camera and TV recording of observed events.

2. Processing - Changing of data from its derived form to its form

for disposition. Includes film processing, if any.

3. Direct transmit - Crew control of data transmission to Earth, e.g.

real time voice, initiate tape play out.

4. Record - Log book recording of observed data. Log book recording

includes voice-to-tape as well as written records.

SYS TEM OPERATIONS

Crew operations associated with the spacecraft system management are

based on the following system assumptions:

I. The EPS is based on fuel cells, with auxiliary battery power for

certain rack and pallet experiments and for CM reentry.

- 19- _jy-.
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Z. The ECS is based on active thermal control and the use of lithium

hydroxide cannister s.

.,,)

4. The SCS can mediate manual or automatic control of the I_CS.

5. The G&N is Block II Apollo.

It is further assumed that neither crew safety nor mission success

requires or could profit from constant duty station monitoring of system

parameters, although occasional periods of such monitoring may be required

in connection with certain experiments. For this assumption, it is necessary

to postulate an auditory warning device to provide adequate warning of

impending:Or actual system malfunction in time for any action required. With

the elimination of constant monitoring as a required crew operation tasks

associated with systems management will be reduced to periodic checks,

adjustments, and other relatively short term actions.

PERSONAL OPERATIONS

Per s0_I 0peratiohs involve the utilization of spacecraft facilities to

meet pers_a!:_equirements. The spacecraft facilities thus utilized include

the EPS, _[_e_]_CS, the CES, the waste management system, and various

storage facilities. It should be noted that the personal operations are not

characterized by the simplicity and short-time actions of system manage-

ment operations. In almost every case, personal operations require a

relatively complex and often laborious interface with the spacecraft systems

utilize d.

EXPE RIMENT OPERATIONS

Although the crew operations associated with the various experiments

vary widely in detail from experiment to experiment, it is feasible to

describe all of these operations to the individual task level under the crew

operation categories described for the research program in the preceding

section, of Types of Crew Operations. This analysis is done for each

flight mission. Because the experiments were originally conceived and

designed within the context of recognized epistomological areas, each with

certain traditional characteristics of research operations, it is feasible to

generalize brief crew procedural descriptions for disciplinary groups of

experiments:

B Medicine - This group of experiments is characterized by

standary laboratory techniques of provocative testing and bio-

sample analysis and observation. With a few exceptions, the usual

- Z0 -
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procedure involves experimenter and subject although the data

derived are usually bio-logical and bioelectronic rather than direct

observational.

Behavior - This group of experiments utilizes standard sensori-

psych.motor-intellectual performance tests, most of which can be

adapted to one-man performance utilizing-a standardized console.

The artificial gravity experiments may be considered as special

cases of behavioral and medical experiments.

Living Organisms - These experiments seem to require technician-

type crew operations similar to those of bacteriological or small

animal study procedures.

Space Environment - These three experiments require a wide

variety of operations including simple monitoring, operation of

ejection devices, sophisticated observation of extra-vehicular

events and on-board chemical processing of materials.

Liquid/Gas and Solids Behavior - These studies tend to require the

Astronaut to initiate and control rather complex on-board liquid, gas,

and solid processing devices.

Astronomical Observations - These experiments generally involve

crew utilization of and data gathering from external optics and

sensors, both by visual observation and display readout.

Remote Sensing of Earth's Atmosphere and Surface - These exper-

iments require crew operations very similar to those required by

astronomical observations and utilizing much of the same equipment

in much the same way.

Electromagnetic Propagation and Transmission - These experi-

ments emphasize communications control and the analysis of

resulting displayed data.

Space Structures Technology - These experiments involve crew

operations in deploying, operating, and observing structures

external to the spacecraft. While these operations are usually by

remote control and on-board visual observation, some EVA is

involved.

Subsystem Development and Test - These studies emphasize the

observation by the crew of systems operation and of other crew

members utilizing on-board operational equipment.

- 21 -

SID 65-500-ZA



/

,' oRTH AMER,CA,'.' .............. ,
_.._ i ¸. _,lu l_l-v,l_l_. Av_ _ • ._,._ _., .v_v_

11.

!2.

Extra-vehicular Operations - These studies utilize the crew as

subjects in various EVA tests.

jects in spacecraft piloting and external observation and control

tests.

The crew-time requirements summary (Table 4) includes the following

for each flight:

1. The total crew-time required for sleep and for personal

maintenanc e.

21 The total crew-time required for daily scheduled systems manage-

mentj i. er:; :management of the operational systems of the

spacecra_, .....

3. The total time required by the experiments.

o The total unscheduled time remaining after items one through

three are deducted from total mission time.

Table 4. Crew-Time Requirements Summary

r_
;9

E
E

Fit

Days

Men

209 211 507 509 215 513

14 30 14 14 14 14

3 3 3 2 3 3

* 219 * * * AF-2218 221 516 518 521 523 229 230 AF-1

46 46 45 45 46 45 45 45 46 46 45

3 3 3 3 3 3 3 3 3 3 3!

Sleep

: Personal

(tncl food)

315 675 315 210 315; 315 1013 I013 1013 1013 1013 1013 1013 1013 1013 1013 I013i

189 405 189 126 189 189 608 608 608 608 608 608 608 608 608 608 608

Systems mgmt 17 36 17 17 171 17 54 54 54 54 54 54 54 54 54 54 54

Experiments 181 276 193 106 181! 181(1:072) I1073 362 i(1458) 677 (654) (1514) 1104 1043 542 404

Unscheduled 306 768 294. 213l 306 306(493) 4921203(10q) 888( 911)( 51) 461 522 1023 1161

Total

(man hr/flt) 1008 2160 t008 672 1008 1008 3240 3240 3240 3240 3240 3240 3240 ]240 3240 3240 3240

*Not Integrated by NAA
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The systems management time allows for the following crew tasks:

Function De sc riptinn

Set-up Initial activate and adjust ECS

Post-dock connect and check out rack

Teardown Final separation of CM for de-orbit

Calibr ate / align

Pilot

Apply equipment

Observe- self

or other crew-

membe r

Other observation

Align G&N system prior to each use after

extended non-use (Z men)

Warm up SCS prior to each use after

• extended non-use

Align SCS gyros prior to each use after

extended non-use

Attitude control and retrofire for entry

(2 men)

Transposition and dock with rack

(2 men)

Transfer from initial to mission orbit

(Z men)

Rendezvous and docking where relevant

(3 men)

CES utilization for pilot operations and

during launch and reentry

Post-launch crew welfare check

Periodic check of system operations
indicator s

- Z3 -
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Function

Data Handling

De sc ription

Change ECS cannisters

Activate fuel cells after 14 days

Monitor telemetry

Verbal description of tasks

Z4-
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CREW TIME PRt'51_TT,_"_S

Crew time profiles were prepared for each task of each experiment.

Although these profiles are available, in the interests of reducing the total

report volume, they have not been included. Since detailed computer

schedules by task and crew member are contained for every flight mission

in Appendix C, it is felt that the usefulness of preliminary profiles would,

in any case, be limited.

COMPOSITE EQUIPM.ENT LIST

Ix_+order to achieve uniformity in the use of equipment dimensions

among various experiments and flight missions, a preliminary composite

equipment list was prepared and used as the standard for determining exper-

iment equipment weight and volume (Table 5) . A detailed common-use

equipment analysis has not yet been undertaken for the AES series of

experimental miss ie_Tis; " Pen_ng such analysis, the attached composite list

serves to improve the degree Of standardization, but is by no means pre-
sente@ as complete or definitive. The next phase of integration will require

further development and verification of the composite equipment data applied

in this limited study. Air Force equipment specifications were used directly

as contained in Air Force experiment formats.

- Z5 -
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_Nrne

AMU

Fuel system

Antenna

Parabolic

Periodic array

Tunable, Mono and Dipole

Parabolic IZ-in.

Parabolic Z4-iru

Parabolic 48-in.

Accelerometer, 1 G

Altimeter, radar

Assembly, scanning mirror

Analyzer, pulse height

Balloon

Bladder and Capillary Fluid Tubes I

t

Back pack, PLSS

Size

45" x Z7" x g0"

30" x Z5" x 15"

10'D x5' x I'

5'D x I0' x i'

I"D xZ2'

I2'D x 6"

24"D x 8"

48"D x I0"

3"D x 6"

9.75" x 9" x II. 5"

IZ" x IZ" x IZ"

I Volume Weizht

i
i (ft 3) (lb)

IA _l..
_. v_

63. O0

930. 00

i0. 00

I. 00

0.01

0. 50

i. 00

8. 00

0.58

I. O0

1.00

1. O0

1 r_A n
*v_. v

I00. 0

Z50.0

40.0

Z0.0

50.0

0.5

Z6.0

8.0

15.0

t00.0

60.0

61.019. Zl

Binoculars . 9" x 4" x 3" 6. 0

1.00 0. I

t Z4" × 24" x Z4"

4" ×9.5" x Ig"

3" ×4" x 7.25"

8" x 8" x 10'

6" x4" x 9"

40 _' x 40" x 15'

18" x 18" x 30"

ll" x 12" x 13. 5"

i5" x6" x 9.0"

30" x Ig" x lg"

13"D x 6. 5"

Booing " _ "_

Board, task

TV

Movie

_till

Poloroi(l

35 mrl]

Multi- spectral

i,4appinu, Z4-im

Mapping, 6-im

70 mm

Spectrographic

4. 00 75. 0

0.26

0.05

0.37

0.20

0.08

14. 00

4.00

I. Z0

0.50

Z. 50

5. 00

0. 50

i

Canzustcrs, Chemical

Couplers, Coaxial and Wave Guide

8.8

3.0

8.0

3.0

.5

150.0

300. 0

100. 0

5.0

20.0

60.0

Z. 0

I00.0
Cooling, IR

Containers

Water

LHz

LOz

Dummy cargo

18" sphere

36" x 36" x 7Z"

18" x 18" x 36'

54. 00

6.75

2.00

200.0

i00.0

i00.0

Z0.0
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_r-__^

CoLlector, Optical

Gonve r to_r, Analog-Digital

and Commutator

,r .., .... W c ight

IS" x lZ" x IS" i. U0 8. 0

4. Z" x 9.4" x 16. 5" 0. 40 Z4. O

Conditioner, Signal 6" x 9. 8" x 20.3" 0. 60 45. 0

CRT with drive circuitry 12" x 12" x 12" 1.00 70.0

Chest pack PLSS lZ" x 12" x 8" 0. 67 35. 0

Chamber, Residence 1.00 30. 0

Compartment Personal Hygiene 10. 00 50. 0

Detoctor

X-ray

Gamma ray

Neutron

Electron

Proton

Infra R.ed

Decoder, Comm.

Dosimeter, Film Pack and'

Z"D x 6"

4" x 4" x la-

3- x 3- x 6-

3,, x 3,, x 6,,

6" x 6" x 1Z"

IS" x IZ" x tZ"

O. OZ

I 0. II
0.03

0.03

0.24

1. O0

l 2.00

1.0

5.0

7.0

4.0

6.0

35.0

12.0Failure and warning

6" x 9. 7" x 18. 3" 0. 60 Z0. 0

Z" x Z" x 4"

30"D _phere

6" x 9. 5" x 22"

6" x 6" x 6"

12" x 12" x 1Z"

Char ge r

Damper

Dewar

Doppler and Frequency Standard

Data Storage Equipment

0.01

i

1. 00

g. 42

0.7

0.13

3.0

En_ulsions, Nticlear

Enclosure, Emergency Protective

Equipment, Personal Transfer

32.0

60.0

49. 0

28.5

5.0

1.0 15.0

1.50 8.0

2.0 6.0File, Instruction 24" x IS" x 12"

Flowmeter ultrasonic 4" x 4" x 4" 0. 05 Z. 0

Generator and Integrator 6" x 8" x 10" 0.28 40. 0

Guide, Antenna Wave I2"D O. 13 I. 8

Guns

Sun 6" x 6" x 6" 0. 13 2. 5

Electron 4'D x 9" 0. 06 8. 0

-27-
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Table 5. NASA Experimental Equipment (Cont)

Strain

Name Size

Volume

(ft 3)

Weight

(lb)

Negligible Negligible Negligible

Head

Scanning . 0Z 5. 0

Rotating sensor 18"D x 18" 2. 65 135. 0

Harness, task equipment I0" x 16" x 4" 0. 15 12. 0

Imager s

IR

Multispectral,

wi_h Antenna

PasSive IVliC rowave

with Antenna_. _

Intensifier S-ZO ,

Indicators and:Meters

Keyboard and selector

Kits, repair

Mechanical

Spares

Personal Hygiene

Medical

Laser, Head, Electronics, and

Module

Locomotion aids

Lines

Safety

Static

10"D x 24"

40" x 40" x 15"

36"D x 72"

Z4" x 24" x Z4"

7Z"D x 6"

4"D x 9"

6" x 6" x 6"

15" x 5" x 5"

15" x 15"x i0"

ii" x 5" x 4. 5"

12" x9" x 9"

12" x 12" x 4"

12" x 12" x 4"

7"D x 5"

16" x 6" x 9"

!

1.5

68. 00

8. 80

0.07

.13

0.20

0.15

3.00

0. 44

0. i0

3.30

.33

.33

0. ii

1.00

0. 50

Mo u tit

Gimbal

Bezel

Camera

20.0

150. 0

I00.0

3.0

3.8

3.5

37.0

Z. 0

Z0.0

Z. 0

50.0

15.0

i0.0

i0.0

20.0

2.0

1.0

Magnetometer 15" x 9" x 5" 0. 50 7.0

Modulator, Frequency 0.25 15. 0

Meter, Frequency 0. Z0 I0.0

Multi 0.0Z 2.0

"G" 3"D x 6" .5

Multiplexer, PCM 4. 2" x 9.4" x 16.5" 0. 4 Z3. 0

Module, cargo net 30" x 24" x 42" 75. 0
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Table 5. NASA. Experimental Equipment (Cont)

_, ....

Materials, Logistics 10.0 -

60. 0

Net, snare 15. 0

Panel, central 5. 0

Photometer

Platform, stable

image motion compensation

wlrails

Z.O

30.0

100.0

75.0

poiater'opfical lO.O

_o,,,e_S_ply 1oo.o
• " r--

Pyrohetlometer 5. 0

Probes, Plasma

Propellant

Recorders

Tape 5 channel

Tape l0 channel

Data

Video tape

Volume

_**-^ ill -i

Variable Variable

1.0

20" x 13" x 6" 0. 90

24" x 8" x lZ" 3. O0

1. 50

5. 00

18 _ x 3'

18" x 18" x 36" 7. O0

6" x 2" x 2" 0. 03

8" x 8" x lZ" 0. 44

O. 0Z

0.02

Z4" x IZ" x IZ" Z. O0

4" x 9. 5" x 1Z"

48"D x 7Z" 151.00

200' 1.00

24" x 24" x 24"

72'D x 12"

8" x 4" x Z"

3" x 3" x 6"

6" x 6" x 12"

6" x 6" x 6"

24" x4" x30"

4" x I0" x 16"

Reflector

Rods, Tape

Radiometer,

Microwave 14.0

1.0

0.36

0.03

0.25

0.13

1.90

1.50

0.25

75.00

0. I0

with Antenna

Reel, motor

Restraint system

Spectrometer
Electron

Proton-alpha

DET

/Microwave

Infrared

UV-Visible

Solar array

Sensor, suLn

Rotation rate 3"D x 6"

10.0

I000.0

15.0

15.0

25.0

8.8

1250. 0

30.0

100.0

I00. 0

8.0

4.0

6.0

3.0

90.0

23.0

50. 0

250. 0

5.0

0.5

-Z9-
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Name Size

Syncom g8. 3"D x 31"

Snare, Retractable

Systems

Waste control

Pressurizing

Optical

Fuel transfer

6" x IZ" x 24"

Volume

(ft3)

Weight I

(ibi I
i

I 1,q '7"_ 9.

i. 50

i. 50

0.20

3.50

12.00

15.0

50.0

6.0

40.0

350. 0

i0" x Z0" x 30"

24" x 24" x 36"

Space suit

Soft 72" xZ8" x 15" 17.47 73.0

Hard 7Z" x 30" x 23" 30.00 50. 0

Satellite, target 100. 0

Lenticula r - - -

Sequencer, Experiment 4.2" x 9. I x I0.9 0. 3 I0. 0

Screen, flat plates, syringes 18" x 18" x 6" i. 50 119. 0

Telescope

16-inch

Comparator

Theodolite

87' xlS' x 65"

24" x 18" x Ig

3"D x IZ"

5.10

70. 00

3.00

i. 00

125.0

400. 0

25.0

15.0

0.35 8.0

0.05 2.0

2. 00 200. 0

3.0

Tether, work face

Tracer, Radioisotope

Tank, Cryogenic

T. E.I.C.

T cansmitter s

Tctrode

Kly ston

}3ack_vard wave oscillator

X- })and

Tools

Tracker, Optical

Z"D :< 6"

2"x4 xS'

IZ" x 4" x 4"

8" x 8" x 12"

0.01

0.35

1.75

0. Ii

5.0

50.0

50.0

50.0

56. 0

5.0

0.44 20. 0

Tuner, s-band

Tubes

Wire mesh 1500'

View finder

VHF pulse reflectivity I' x I' x I. 25

Window 16-in. 16"D x 1"

0.25 1.0

2.00 45.0

2. 50 I00. 0

1.25 40.0

0. 15 15.0

30-
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COMMON TO ALL MISSIONS

Based upon implicit guidelines from NASA Headquarters and NASA

MSC, the individual experiments in the Biomedical/Behavior Experiment

Program were to be considered as autonomous. Equipment techniques and

procedures were to correspond to the information incorporated in the Exper-

iment Identification and Description form. Where pertinent information was

not provided, equipment concepts, techniques, and crew-time requirements

were to be utilized from Lockheed's "Conceptual Design of a Measurement

System for Apollo X" and/or from NAA's Apollo X publications. When these

guidelines were applied_ th e Biomedical/Behavior Experiments Program
demanded more crew time than was available.

On 25 March 1965, headquarters NASA issued a directive which

altered some frequencies and crew-time requirements for the experimental

prograxr_ Now it was possible to integrate the twenty-one biomedical and

thre_e_b:ehkvior experiments into all projected AES missions. Tables 6

a_d!_!i_<._ent the relationships between equipment requirements, the

par_'_ters measured, and the experiments for the Biomedical�Behavior

Experiment Program. Tables 8 and 9 present the frequencies and crew

times for the program on all flights.

It should be especially noted that the basic Biomedical/Behavior

Experiments Program is included in all AES missions. In actual practice

it is likely that the basic program will be included in the first and possibly

tile second flight of each incremental flight duration. The remaining flights

of each duration will most likely be designed on the basis of the results of

previous flights. The precise experiments for projected flights cannot be
known in advance,

CRITIQUE OF THE BIOMEDICAL/BEHAVIOR EXPERIMENT PROGRAM

In a broad sense, the Biomedical/Behavior Experiment Program

(Experiments 0101-0121/0Z01-0203) is designed to evaluate the effects,

over time, of prolonged space flight on man's physiological functioning and

performance capability° In general the biomedical experiments will study a

comprehensive cross-section of selected physiological functions. In addition
these experiments include measures that will assess the effects on man of

vehicle maneuvers; will identify the causes of observed degradation; will

predict the onset and determine the degree of impairment; and will validate

selected preventive or countermeasures. The behavior experiments will

-31-
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_mr_r%]_ _ -P_l_l"_'nfmf'_-_r_ _-_t_.. _ _.=_,o _p_e rope .......... ;;'ill

include real operational tasks, sin_L_lated crew tasks and experimental

measurement of performance components. The objectives of the overall
"r% _" _ _ - _ _" __1 I T) _ L -- _ _ ; __. T'_ ........ tll 1 .1
_IUIIIIc::LLI. L;(:_[..I./.L)_£1ELV.LU.[." _r-.l.'U_'_'(Ll[[r 1 Wlll IIIO_L ii_ely be reanzect" ' by the slim of the

twenty-one biomedical and three behavior experiments. However, from a

systems engineering point of view several experiments prove to be excess-

ively costly, and there is some redundancy and confounding of experimental

objective s.

OBJECTIVE REDUNDANCIES

The fuel requirements for vehicle maneuvers in Experiments 0101 and

010Z exceed system capability. The need to evaluate vestibular functioning

and crew tolerance of variable rotation rates of zero-g is acknowledgedly

critical. However, it is possible to measure response to linear acceleration

and rotation in fllght with a modified Barany chair. Although it is obvious

that the sensory aspects of acceleration (linear and angular) of a chair within

a vehicle are somewhat different than when the vehicle is accelerated and

rotated, the differences are probably not gross. At least vestibular

functioning can be measured in space and compared with ground functioning.

Most importantly, on flight ZZI, vestibular functioning can be thoroughly

studied and effe$_ts of zero-g with artificial-g can be systematically evalu-

ated. Therefo!_e, it is recornrnended that Experiments 0101 and 010Z be

accomplisIied V_J_h0t!t sPecia! vehicle maneuvering or that the acceleration

and rotation requirements of these experiments be accomplished on only one

flight.

Experiments 0103, 0104, 0105, 0106, 0107, and0108 are concerned

with evaluation of the cardiovascular system. There is no argument with

the need to try a variety of measures so as to derive the optimum index of

cardiovascular functioning. However, the use of the LBNP, the exercycle,

and other devices for provocative testing, confounds the controls essential

for evaluating countermeasures and also confounds the results of the pro-

vocative tests themselves. In addition, the frequencies for the experiments

are different and this complicates the problem of measurement synthesis.

Particularly, the evaluation of countermeasures is contingent upon an

acceptable measure of cardiovascular functioning; yet the frequency of

countermeasures is unrelated to the cardiovascular assessment experiments.

The use of radio-isotope procedures for assessing fluid compartment

volumes is costly. Equipment requirements for this experiment cost

463 pounds. However, there is a difference of opinion among biomedical

specialists as to the best technique for assessing blood volume, total body

water, and other fluid compartment volumes with a radio-isotope system.

- 32-

SID 65-500-2A



NAJSA

A. BIOELECTROI_

Conditioners)

A. I Ele ctroc=aa,

A. 2 *Electrocu:

A. 3 Electrom._

A. 4 _Electroer.

A. 5 Cardiac o

A. 6 Micr opho,_

A. 7 plethy,m,
A. 8 1xn dance.
A. 9 Telethern,

Equipment

NORTH AMERICAN AVIATION, INC.
(_ SPACE and INFORMATION SYSTEhIS DIVISION

Table 6. NASA Equipment and Experiment List

SYSTEM (Sensors and

NASA Measures NASA Experiments

, ra h

put(band electrodl

¢¢ith arm cuff)

_with venous cuff[

neumo ra h
meter

A. I00ximeter

_e leth smo ra h --
A. 12 Endo-radi t-sonde

B. SPECIAL DEVI_ES FOR TESTING
£

CARDIOVASC U_A R FUNCTION

B. 1 LBNP

B. 2 Li_nb cutt

B.3
B.4 isometric and isotonic devices

C. PULMONARY :

C. 1 Mass rio,

C. Z Gas

D. VESTIBULAR

D. 1 Otolith

• D. 2 Optic fib,

or cinE

D. 3 Ps chom
D. 4 CaLibr atl

VALUATION SYSTEM

meter

ler (mass spectrometer)

VALUATION SYSTEM

bundle (with TV camera

to r chart (with rotation)

E. BIOCHEMICA I

SYSTEM

E 1 Microsc _
E. 2 Microce

E.3

orimeter

E.5

E.6

E. 7 slides, reagents,

test tubes, sample

I Heart function - heart rate

movement.

3 Muscle potential

4 Alertness and CNS activit_
Cardiac

7 Venous pressure

8 Res iration rate and de th

10 Blood oxygen content

I 1 Limb volume

IZ Gastric motili_ and pH

Work load

Work load

16 Pulmonary function

17 Gas exchange

18 EVLH and ilinsions

19 Eye movements

homotor

Z1 Linear acceleration

ZZ Urine volume

Z3 Urine anal_

24 Hematolo_qcal status

25 Blood and urine chemistr_

26 Microblolo ical anal sis

27 Sample storage

/freezer

F. RADIO ISOTO]

F 1 Pre-set

F.Z Shielded

F. 3 Containe

F 4 Beta s

F. 5 Microc_

F.6

G. MASS DETER

(Harmonic sp

_ TRACER SYSTEM

unt scales

_elldetector

isoto shield

ometer

_ifu e see above

,rimeter (see above)

NATION DEVICES

pogo stick)

H. DENSIOMET_

I. MUSCLE EVA_JATION SYSTEM
I. 1 Ta m ure

J. pLASTIC BA(_"

K. WATER COOED SUIT SYSTEM

K. 1 Long j

K.Z

K. 3 Tempe re sensors

*Not in NASA pro|ram

Z8 Total body water and compartment volumes

29 Body mass

30 Bone density

31 Muscle size

32 Muscle strength

33 Body volume
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nJ L__ , |

A.

n.

C.

D.

E.

F.

Equipment

Integrated Display System - utilized as - Memory

Integrated Real Task Simulator

Rotary control and circular indicator Fine motor

CRT and controller

CRT, vertical scale and circular indicators

and controller

Light matrix, selector keyboard and timer

Light matrix, indicators and selector keyboard

Light matrix, auditory signals and selector

keyboard

CaT and electron pencil (stylus)

CRT and selector keyboard

CRT and selector keyboard

Ames Time Estimation Test

Oculometer

Acuity .slides

Brightness slides

Depth perception slides

Blurred images slides

On-Board Operational Tape Recorder

Tape for intensity threshold

Measure

Continuous proces s

Discrete processes

Discrete processes

Vigilance

Attention

Vigilance

Fine motor

Problem solving

Reading

Time estimation

Vision

Audition

Tape for pitch threshold

Tape for clipped messages Speech perception

Acceleration Chair and Attachments Vestibular

Cameras (motion and still)

Operational Pressure Suit (and timer)

Kinesthesis

Gross motor

Orientation ['
Gross motor



I V 1 S lOg"l
I

0201 (Sensory and Perceptual Processes)

_ I_o I _ I-e Oro_,
I Aud,tio- I Ve._,ih,,:_IKi,,_._th,_._i._'Ur,ent_tionl., Motor

NORTH AMERICAN AVIATION, INC. / l_)")) SPACE and INFORMATION SYSTEMS DIVISION

Table 7. Biomedical/Behavioral Experiment Program

0202 (Psychomotor Functioning)

] Fine lContinuous-_ Dis c r e te
f

[ Mntnr___[Processes [ Processes !

I I l I I 1.1

0203 (Higher Mental Processes)

[ l I Pr°blem

Vigilance [ Attcntion [Perception[ F,ol_-irig Reading
| 1 t

b d

x

Memor v

0

|
IEstimation [

i

1

ID

x
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It is very likely that with some changes in the techniques or radioisotopes

use_ on-board equipment could be utilized and grossly reduce the 463-pound

equipment requirement.

In order to derive the essential data for on-going physiological

monitoring requirements from the biomedical experiments, some changes

should be made in the frequencies of experiments.

Among the behavior experiments, the sensitivity and feasibility of the

following measures are questionable: Experiment 0Z01-e-Orientation,

position and location; Experiment 0Z0Z-a-Locomotion; and Experiment 0Z0Z-

b-Dexterity (don and doff spacesuit).

- 39-
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_PR_.__m_ _ UP_ Z_E. TM,_ VOLUME P_ QU IKE _viE NTS

FOR EXPERIMENTAL OPERATIONS

For the AES series of flights under consideration, the minimum

pressurized volume requirement is established by the biomedical and

behavioral experimental program, which is common to all flights. The

estimated volume minimum for this program is about 200 cubic feet. This

also fulfills minimum requirements for other experiments including the Air

Force series. It is emphasized that this is not presented as an optimal

volume, or as necessarily habitable for long durations, but as an adequate

volume within which a specified set of operations can be accomplished.

Among the factors considered were layout of standardized controls and

displays, packaged equipment dimensions storage area, accessibility of the

data management system panel and adequate work bench space, location of

necessary hatches and ports, and structural configuration constraints. To

these basic constraints can be added the operating volume required for two

crewmen, acting as subject relationships, to accomplish minimum move-

ments demanded by the experimental design. Experimental procedures

require capability for face-to-face, side-to-side relationships, both sittin_

and standing. It will be seen from the scale drawing (Figure 5) that the

specified volume of approximately Z00 cubic feet is minimally adequate and

can be used as the basis for sizing the rack airlock. Usable volume of this

size cannot be provided within the three-man command module.

- 41 -
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EXPERIMENT MISSION DESCRIPTION, NASA FLIGHTS

This section presents descriptions of each of the NASA AES flight

missions integrated during the study by S&ID. Detailed data summarized

for each flight mission was derived from the basic experiment formats in

Appendix A.

Experiment and spacecraft characteristics that are common to all

flights were described in the preceding section of this volume. This section

describes those characteristics of each flight mission not discussed pre-

viously. The format for describing individual flight missions is as follows:

1. Experimental Program

2. Mission Description

3. Basic Experiment Requirements

4. Condensed Mission/Experiment Characteristics

5. Data Management Requirements
6. Power Profiles

7. SPS and RCS Requirements

8. Controls and Displays

9. Crew Functions

10. Summary of Mission Accomplishment

- 43 -
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Flight 209

FLIGHT •.....•.u-p. BASIC SPACE OPERATION

I. EXPERIMENTAL PROGRAM

Flight 209 will be launched into a 200-nautical-mile circular Earth

orbit with an inclination of 28.5 degrees. It will carry a three-man crew

and is scheduled for 14 days.

to the flight:

Standard Group

0 101-0120

0201-0203

0501

The following experiments will be assigned

Biomedical Series

Behavioral Series

Radiation Environment Monitoring

Mission Group

1501 Evaluation of Advanced Space Suit Assemblies

(abbreviated-anthropometric dummy not to be used)

1502 Development of Manned Locomotive and Maneuvering

Capability

1503 Emergency Techniques, Equipment and Procedures

for Rescue Operations

0601 Capillary Studies

2. MISSION OBJECTIVES

The Gemini and Apollo earth-orbiting missions will have demonstrated

that man can perform adequately and survive in space for up to two weeks.

From continuous physiological monitoring and space crew operations in

these earlier flights, the gross effects on man's well-being and performance

efficiency will probably have been idontif_,_A also ,L .... -,,. _ ........... , _,=ze will be anecdotal

data and some observations pertinent to crew operations and equipment func-

tioning characteristics. Human research, however, will have been incidental

to prima'ry mission objectives.

_r- 45-
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Flight 209

Fl]aht pncl ._,,.111"N,_ +!.-,_ .:_.:+.:_1 ........ •
---_ ..................... _=t± mp=tg_ _LaLIOn mission designed to evaluate

systematically the effects over a period of time on man's physiological func-

tioning, performance capability and operation, and personal equipment

efficiency. The 20 biomedical experiments are designed to study selected

physiological functions that are judged by experts as most likely to be altered

by space flight. In addition, these experiments will detect the causes of

observed degradation, predict the onset and degree of impairment, and vali-

date ground-tested preventative measures and countermeasures. The beha-

vior experiments are designed to sample a representative cross-section of

man's response repertoire and include real crew tasks, simulated real crew

tasks and experimental assessment of performance components. Human

operations and equipment experiments will be undertaken in depth, with

emphasis on development of advanced procedures, techniques, and equipment

for extra-vehicular operations. During the 14-day mission, each of the

manned operations experiments are scheduled twice. During the first seven

days, experiment times will be 45 minutes each, and during the last seven

days will be increased to 120 minutes each.

The series of biomedical, behaviorial, and radiation monitoring

experiments will be performed on all flights. Twenty biomedical experiments

(0100 series) include a wide range of physical measurements of interest such

as; sensitivity to rotation or acceleration, work capacity, response of

the circulatory system, effects on the pulmonary system, metabolism,

thermal regulation, and neuro-endocrine functions. Three behavioral

experiments (0Z00 series} concern sensory performance, psychomotor

functioning, and the higher mental processes. The radiation monitoring

experiment (0501) will accumulate data pertaining to the radiation environ-

ment. Scheduling of these experiments will be such as to extend throughout

the mission without interference with other scientific and technical experi-

ments. All crew members will serve as subjects at various times.

Preliminary studies of fluid dynamics in zero gravity are considered

of sufficient importance to systems design to warrant their inclusion on this

primary human research flight.

Experiments 1501, 1502, and 1503 will require operations both within

the rack airlock and outside the vehicle. Equipment such as hard and soft

spacesuits, auxiliary maneuvering unit (AMU), and portable life support

systems (PLSS) will be used in common by the experiments. Each extra-

vehicular phase of the mission will involve two crewmen, one outside the

vehicle and one at standby inside the spacecraft.

Performance of Experiment 1501 requires extra-vehicular activity

which will be further observed and expanded in Experiment 1502. Here the

basic maneuvering capability of man in donning, doffing, and adjustment of

his suit; self-control of his motion; use of "the safety lines; free soaring and

- 46-
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Flight 209

powered AMU operation; point-to-point clambering techniques, and "buddy"

and "self-help" operation. Others also will be investigated.

_.xperiment !503 is dasigned to Kuvestigatc emergency rescue techniques

and will be concerned with evaluation of failure detection and warning systems

of various types; the approach to, and docking with, a vehicle; opening of

hatches; deployment of inflatable emergency airlocks; despinning and rescue

of tumbling objects; and temporary life support and transfer of injured per-

sonnel into or out of the vehicle.

The data to be collected will consist of the equipment items themselves

(suits, etc.) for examination for deterioration in use, plus verbal, written,

and photographic records of the operations which have been performed, and

on-site comments and recommendations of the participating crew test subjects.

Flexibility of test sequences will probably be desirable in order that research

in problem areas that develop during the mission may be pursued.

The capillarity phenomena Experiment, 0601, is aimed at recording

photographically the static and dynamic action of fluids within tubes of small

bore in a gravity-free environment.

The Z00-nautical-mile low-inclination orbit provides protection from

solar flare radiation. The only radiation of importance will be encountered

in the South Atlantic anomaly, which should be avoided during extra-vehicular

activities.

3. BASIC EXPERIMENT REQUIREMENTS

Table209-10summarizes the weight, volume, crew time, Electrical

Power System (EPS), and Stabilization Control System (SCS) requirements.

4. CONDENSED MISSION/EXPERIMENT CHARACTERISTICS

A summary of the experiment characteristics was prepared for each

flight in a tabular format. The summary for Flight 209 is shown in Table

209-11. The first column, "Integration Number," is used for the experiment

identification in the computer scheduling program. The first four numbers

indicate the experiment number, the fifth number indicates the observer or

secondary experimenter, and the sixth number is the subject or primary

experimenter. The numbers are related to the crew members as follows:

l- Crew l, 2- Crew 2, 3- Crew 3, 4- Crew l or Z, 5- Crew l or 3, 6- Crew

:_ _" 3, and 7- ^--- Member._. ._ily Crew

The second column, "Experiment Number," is the identification number

assigned by the NASA or USAF. If more than one number is given it indicates

that the experiments are performed together. The next column, "Priority,"

- 47 -
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Flight 209

Table 209-I0. Basic Experiment Requirements

Application Area/Instrumentation

Biomedical/behavioral package

(0101-0120, 0201-0203)

Capillarity investigation (0601)
Capillary test devices

Stereo cameras, still and
motion

Flash unit

Collision chamber

Liquid reservoir

Space suit evaluation, extra-

vehicular activity and emergency
_techniques (1501, 1502, 150B)

Space suit

Dynamic test rigs
AMU with extra tanks

Recorders and cameras

Radiation monitor (0501)

TOTAL

is used for scheduling with the computer program. The number is assigned

considering both the importance of the experiment in successfully completing

the mission objectives and the difficulty in scheduling the experiment. For

example, if two experiments have the same importance to the mission, the

experiment requiring only one crew member would be given a lower priority

than the one requiring two crew members.

The "Crew Time" columns indicate the crew member(s) that are

assigned to the experiment and the time they devote to the experiment. The

"Power" column is average power and only includes the power required for

the experimental equipment. Power for SCS, G&N, data management, data

transmission, etc. are not included. The "SCS" column indicates gross

orientation and time of attitude hold when required. The "Data" column

indicates the bits recorded during the experiment and the transmission time

of the data that requires transmission.

The :TWeight': column includes the weight of the experimental equipment

used for the particular experiment. Equipment that is used in more than one

experiment is only included in the weight of the first experiment in the table

that uses the component. For example, several experiments may use a

- 48-
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PRIORITY

INTEG.I EXP, PRI- FREQ

NO. NO. ORITY

010Z61 0101,0102 1141 1/7 Days

010Z5Z 0101,0102 l14Z 1/7 DaTs

010Z43 9101,0102 1143 1/7 Days

010361 0103r0107 1001 1/3 Days

01035Z 0103,0107 100Z 1/3 Days

010343 0103,0107 1003 1/3 Days

010461 0104 10ZI I_3 Days

010452 0104 10ZZ 1/3 Days

010443 0104 10Z3 1/3 Days,

010561 0105 1151 1/7 Days

010657- 0106 I011 1/6 Days

010843 01.08 1031 Z/I Days

010961 0109a0110 1041 1/7 Days

[01095Z 0109,0110 104Z 1/7 Da}rs

010943 0109,0110 1043 1/7 Days

011161 0111 IIII 7./7 Days

01115?. 0Ul IIIZ ?./7 Days

011143 0111 1113 Z/7 Days

011Z61 0UZ 1044 1/7 Days

011Z57. 0112 1045 1/7 Days

0117.43 011Z 1046 I/7 Days

011361 0113 llgl 177 Days

01135Z i0113 IIZZ 1/7 Days

011343 i0113 117.3 1/7 Days

011307 0113 117.4 1/7 Days

011407 i0114 1131 7-/7 Days

011501 0115 1161 3/Mission

01150Z 0115 1167- 3/Mission

011503 0115 1163 3/Mission

01165?- 0116 1171 i/.Mi.ssion

011761 0117 1051 1/7.Days

011757- 0117 , 1057. I/Z Days

011743 0117 1053_ !/Z Days

511761 0117 1055 1/7 Davs

51175Z 0117 1056 1/7 Days

!511743 0117 1057 1/7 Days

011807 0118 1054 1/2 Days

511807 0118 1058 1/7 Da},s

#I

4O

50

Z0

I0

35

15

5

4O

I0

5

5

i

CREW TIME (Mlh

i i

4O

5O

50

Z0

Z0

30

Z5

35

35

15

15

5

4O

4C

i0
i

iC

160

5

5



UTES)

ANY

CREW

4o
4o

4o

5o

5o

5o

Zo

20

Zo

80

POW ER SCS
'1' I |

STAND-BY OPERATING ORIENTATION
WATTS MIN WATTS MIN

40

|

3O
40 3O

4O 3O

6 40

6 40

6 4O
I

6 15

6 15

6 15

25 60

DATA

ATTITUDE BITS TRANS-

HOLD STORED MITTED

IMINi-
* 7 min A 7 min A

* 7 min A 7 min A

* 7 min A 7 min A

- 1 min A 1 min

- 1 min A 1 rain

- 1 min A 1 min

- 3 min A 3 min

- 3 min A 3 min

- 3 min A 3 min

WEIGHT

(LB)

I

7.0

33.6

5,0

473

ST

VC

Ct

30

5

35

35

35

15

15

15

5

8

5

30

15

5 10

56 I0

56 10

56 10

15 5

15 5

15 5

I0 5

5

5 I0 5
|

40 5 40

4O 5 4O

40 5 120

6O 5 6O

i0 4.5 I0

1 I0

1 I0

1 i0

16030 5

5

5

5

,5
5

Z3 10 15 ,-

23 i0 15 -
I

7.min A

4 min A

4 min A

4 min A

4 minA

1 min A

1 minA

I min A

Z min

4 min 3.0

4 min 30.0

4 min

4 min

1 min 3.2

1 min

1 min

- - 2 minA g min 0.6

- - Z min A Z rain -

- - 7 min A 2 min -

.... 0,5

- - - 47.9
/

Ig. 8

I I
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Flight 209

Table 209-11. Flight 209 Experiment Parameters (Sheet 1 of 2)

e TV or cine-ca for 25 min

SPS

Lab work for 0113

on succes ive

rot

[ng Ist days on:

Sch_

]ule

7 days

dur i

7 days

Lng Ist days onl

011761

2

_fter 0 43
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NO.

511907
011207

511207

611207

FR.EEZ

020161

020152

020143

52O161

520152

520143

020261

020252

020243

020361

020352

520361

520352

520343

NO.

0120

0120

0120

0201

0201

0201

0201

0201

0201

0202

0202

0202

0203

0203

0203

0203

0203

0203

PRIORITY

FREQ

1/14 Da

1/14 Days

1/14 Days

AND

I/6 Da,

1/6 Days

1/6 Da,

1/6 Days

1/6 Days

1/6 Days

1/3 Days

1/3 Days

1/3 Days

1/6 Da,

1/6 Da,

1/6 Days

Days

1/6 Days

1/6 Days

TI

#2

82

32

63

I00

40

4

45

120

: i_ .

:7•

8Z

32

63

I00

POWER SCS

STAN_-'-----'_D-BY I 'ANY OPE TINO ORIENTATION
CREW WA'_" I _ 1 WATTS 1 MIN , T . HOLD

30 10 30

DATA

BITS TRANS-
CT/'_ DI: h kA ITTCr'_

WEIGHT

4O

30 I0 30

20 I0 15

20 I0 15

20 I0 15

,OVE 50 Cont.

33

33

33

8

8

14

30 26

30 26

30 26

30 26

30 26

30 26

105 50

75.0

14 105 50

14 105 50

160 75

160 75

160 75

160 15

160 15

160 15

050101

050102

050103

150161

150152

150143

650161

650152

65O143

060107

560107

0501

0501

0501

0601

0601

1/3 Days

1/3 Da,

1/3 Da,

1 IMisslon

1 fMiss_on

1 /Mis slon

1 /Misszon

1 /Misslon

1 fMisslon

1/Day

I/Day

5.3 Cont

for

12,500

)er

orbit4 14 Days

45 200 20 20

45 200 20 20

45 45 200 20 20

120 200 95 95

120 200 95 95

IZ0 120 200 95 95

20 I0 15 I0

II 250 5 5

5O

8OO

75.4

/
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Flight 2 09

Table 209-ii.
il

RENtARKS

Flight 209 Experiment Parameters (Sheet Z of Z)

Schedul

Start 7

,e during

days aft,

I

Ist Z days only

_r 011907

t t t

,

I

Schedu e 3 day,, after 02D161

Schedu e 3 days after 02 015Z

Schedu e 3 days after 020143

Schedul.e 3 days after 02 )361

Schedul.e 3 days after 0210352

Schedu.e 3 day, after 020343

Schedu e during first 7 .ays (EV_k)

Schedule durin_ last se, en days EVA)
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telescope as a component, but the weight of the telescope is included in the

equipment weight of only one of the experiments. Entries in the "Volume"

column represent the stored volume of the equipment.

The "Remarks" column contains mainly supplementary information to

be used in scheduling the experiments. However, such items as peak power,

equipment components, and what phase of the experiment is being performed

are included when they are considered significant.

5. DATA MANAGEMENT REQUIREMENTS

A comparison of capabilities of the standarized data management sub-

system with the experiment requirements of Flight 209 is presented in

Table 209-12. The total magnetic tape required for each experiment is well

within the system capability of 2250 feet of tape per reel, while transmission

of the data collected from all experiments selected for the mission is a total

of 264 minutes for the 14 days, or an average of 18.9 minutes per day. This

is lower than the communication periods available as shown in station contact

periods analysis of the subsystem portion of this study. The number of analog

and digital channels available also exceed the measurement requirements of

the experiments listed.

The data management profiles for each experiment are shown in

Figure 209-6. The data processing figure shows the requirements for

the two functions, data processing and data storage. Included as part of

the data storage function are those operations required for converting the

data into storable form, i.e., commutation, encoding, and multiplexing.

The data processing function, then, includes such operations as data com-

parisons, data reduction for experiment control, and extrapolations of

experiment data for prediction of future events or states. The data trans-

mission figures show the requirements for real time transmission of data

on the down link and real time up-data link utilization. The delayed data

transmission and the up-data link commands for later execution are not

included since these operations are more dependent upon ground station con-

tacts and less dependent upon the individual experiment operating profile.

Experiments not included in the figures do not require real time data

m anag eme nt.

6. POWER PROFILES

The operating power profiles from experiments requiring electrical

power are shown in Figure 209-7.
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Flight Z09

Summary- 14-Day Flight

ACQ

RATE

(BITS/SEC)

ACQ

PERIOD

(MINUTES)

TAPE

EXP SPEED

FREQ (IPS)

Analog

0101, 0102 Analog 7 3/7 Days

0103, 0107 Analog 1 1/Day

0104 Analog 3 1/Day

0105 ....

01 O6 2 1/6 Days

4 2/Day

4 3/7 D ays

1

0108

0109. 0110

0111 Ana log 6/7 Days

0112 ......

Analog0113

0114, 0121

15

15

15

15

15

3/7 Days 15

0201=0203 ......

0501 3 Cont 1/Day

1501 250 20 2/Mission

1502

1503

0601

3-3/4

TAPE QUANT XMSN

PER ACQ PER TIME/MISSION

(FT) (MINUTES) REMARKS

525 42

75 14

225 42

.... None

150 4.7

300 12

300 24

75 12

.... None

150 12

.... None

.... Multiplexed

with Other

Exper

378

None

None

None
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7. REACTION CONTROL SYSTEM AND SERVICE PROPULSION SYSTEM

REQUIREMENTS

Requirements for RCS and SPS propellants as a function of the

experiments are shown in Table 209-13.

8. CONTROLS AND DISPLAYS

The Integrated Control and Display panel discussed earlier in this

volume meets all the requirements of this flight.

9. CREW FUNCTIONS

Crew times for experiments, e×cept biomedical and behavioral which

are included in the approach section, are shown in Table 209-14. Crew mem-

ber specific times are indicated for crew member 1, 2, and 3 by C-l, C-2,

and C-3 while time test can be attributed to any remaining crew member is

shown as "Any C. "

Crew operations on this flight encompass the standard medical and

behavioral experiments described the approach along with 14 systems manage-

ment and personal operations which, as shown in Table209-15, are very

similar for all flights.

Personal maintenance operations are standard sleeping, eating, per-

sonal hygiene, etc. functions which are common to all flights. Routine

system management and personal functions occupy approximately 54 percent

of orbital mission time for any mission.

Table 209-16 summarizes crew operations and crew times for each

experiment, other than medical and behavioral, in this mission. The EVA

sequence is described in the preceding section.

i0. SUMMARY OF MISSION ACCOMPLISHMENT

While no major deviations from the specified experimental program

are recommended for this flight, several unique mission characteristics

became apparent as a result of the special environmental conditions required

for conducting the biomedical/behavioral experiments. Experiments 0101

and 0102, required on all NASA flights, are designed to assess and evaluate

the effects of linear acceleration and rotation on specific biomedical functions.

In order to accomplish these experimental objectives, the spacecraft will be

rotated at rates of 3, 6, and 9 rpm, once per week per crewman. A

schedule of linear accelerations, up to a maximum of 1 g, is also required.

For study purposes, an SPS firing interval of 10 seconds will be employed.
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Liquid dynamics studies will also impose attitude control requirements up to

a mission total of 3-1/2 hours.

_-_"_-" ....... _ ..... "_'i................ 8_.......... "_ Space _n

tests and manual locomotion and emergency rescue rehearsal experiments

Experiment

['able 209-13. RCS and SImS Propellant Requirements

pe=Pro ant per

Maneuvers Maneuver (ib) Operations Propellant (ib

RCS REQUIREMENTS

0101-0102

1501

1503

1502

0601

Spin profile

Linear accelerations

Maneuver s

Maneuver s

Maneuver s

Attitude hold

79.2

13.0

1.56

1.56

1.56

0.25

6

4

16

16

16

14

476.0

52.0

25.0

25.0

25.0

3.5

TOTAL WEIGHT 606.5

SPS REQUIREMENTS

0101 10 sec each- 4 cycles 700.0 4 2800.0

- 64-

SID 65-500-2A



/

AVIATION, I,"'C. __)
NORTH AMER.ICAN ort_= attd INFORMATION SYSTEMS DIVisION

Flight z09

Table 209-14. Crew Times

Specific Time (___.in.)

Experiment C- 1 C-2

0501

0501

0502

1503

1501

1502

1503

0601

0601

0100-0200

TOTAL

45

120

45

120

45

120

Any C

4

45

45

45

120

120

120

20

11

I L-'14 _I_+

(Hr)

1.0

17.5

7.0

155.8

Remarks

Primarily monitoring

Primarily EVA exercises

Primarily equipment

setup and control and

ob se rvation

181.3
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Table 209-15. Systems Operation

ECS

EPS

RCS

System

ECS

G&N

Launch systems

Crew equipment systems

Crew Operation

Monitor; temperature and humidity regulation;

change Lithium hydroxide cannisters every 12

hour s

Monitor power parameters; purge fuel cells;

switch to CM batteries for reentry

Monitor fuel parameters; attitude control

as required; pilot operations in connection with

transposition and dock

Align gyros prior to transfer to mission orbit

Navigation and automatic attitude hold inputs

Manual backup for staging, abort

Utilization of seats, restraints as required

Table 209-16. Crew Experiment Function Description

Function De scription

Experiment 0501

Calibrate

Observe, display

Observe, non-display

Other, process

Direct transmit

Record

Tear-down, final

Possible periodic calibration of same sensing

and display equipment

Monitor radiation display panel

Possibly note indications on films, emulsion

packs, etc.

Possibly process films, emulsion packs, and

other indicators

Real time transmission of critical developments

Logbook recording of display readings and other

ob se rvations

Store film, emulsion packs, etc. for Earth return
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Table 209-16. Crew Experiment Function Description (Cont)

I
Function ! De sc ription

Experiment 0601

Setup, initial

Setup, periodic

Teardown, final

Teardown, periodic

Observe, direct,

non-man

Observe, display

Photo

Record

Set up cameras and other photo equipment;

set up surfaces, timing equipment, and radio-

active and other fluid-behavior recorders

Change tubes, deposit liquid on flat surface

with syringe

Disassemble and store equipment general to

expe rime nt

Store equipment and materials used in one test

which is not used in succeeding tests; e.g.,

syringe, radioisotopes

Observe drop formation and behavior of

liquids in transparent tubes

Monitor radiation and inductance readouts

High speed and still photography of fluid

behavior

Log records of observations - visual and

instrument readouts

Experiment 1501

Setup, periodic

Teardown, periodic

Apply, equipment, self

Observe, self

Extra-vehicular activity {See EVA sequence

in approach)

Extra-vehicular activity (See EVA sequence

in approach)

Maneuver, attitude control, ECS control of suit

and AMU

Systematic self-test of maneuverability and
suit environment control
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Table 209-16. Crew Experiment Function Description (Cont)

Function

Observation, other

Observe, display

Subject

Photo, etc.

Direct transn_it

De sc ription

Monitor all maneuvering, suit durability, ECS

and safety parameters by inside observer;

monitor AMU displays by subject in suit

Monitor suit pressurization, gas flow, force ,

displays by observer; monitor AMU displays by

subject in suit

Coordinate suit tests with vehicle and ground
ob s e rv ation

Continuous motion picture and TV coverage of

suit and AMU utilization

Open line, real time commentary by subject

and observer

Record Log record of observations and display readouts

Experiment 1502

Setup, periodic

Teardown, periodic

Apply equipment , self

Observe, self

Observe, other

Observe, display

Subject

Photo, etc.

EVA (see approach)

EVA (see approach)

Maneuver, attitude control, ECS control of

suit, AMU, safety lines

Systematic self-test of maneuverability and suit

ECS control

Monitor performance and status of EVA Crew

members

Monitor suit parameters andAMU displays

Coordinate suit and AMU with observer vehicle;

ground observation

Continuous motion picture and TV coverage of

suit, AMU, and safety-line utilization
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Table Z09-i6. Crew Experiment Function Description (Cont)

Function

Direct transmit

Description

Open line, real time commentary by subjects

and observer

Record Log record of observations and display readouts

Experiment 1503

Setup, periodic

Teardown, periodic

Apply .equipment, self

Apply equipment, other

Observe, self

Observe, other

Observe, direct,

man-man

Observe, display

Subject

Photo, etc.

Direct transmit

EVA {see approach)

EVA {see approach}

Maneuver, attitude control, suit ECS control,

airlocks, AMU, safety lines

Attach tcst devices for simulated handling of

injured crew member

Systematic observation of self carrying out

above functions

Systematic observation of other crew members

carrying out above functions

Observe inflatable airlocks and test satellite

Monitor suit parameters and AMU displays

EVA subject for intravehicular observer

Continuous coverage of EVA events

Open line communication between all crew mem-

bers and ground log record of observations and

display readouts
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FLIGHT Zll: HUMAN RESEARCH AND

MAPPING SYSTEM TECHNOLOGY

I. EXPERIMENTAL PROGRAM

Flight 211 will be launched into a 200 nautical mile, circular, Earth

orbit with an inclination of 28.5 degrees. It will carry a three-man crew

for a scheduled 30-day mission duration. The mission has the dual objectives

of evaluating the effects of space environment on man for a 30-day period

and of testing and validating the Lunar Mapping and Survey System prior to

the Apollo exploration missions. Experiments performed during this

mission are listed below.

Standard Group

OIOI-OIZO Biomedical Series

0201-0203 Behavioral Series

0501 Radiation Environment Monitoring

Mission Group

09 04 Lunar Mapping System Test {Sector I Installation)

1401 Personal Hygiene and Food Technology {abbreviated-

shower/washing system not included)

2. MISSION OBJECTIVES

Because this will be the first mission in the AES Program that is of a

duration greater than 14 days, a complete series of biomedical and

behavioral experiments is desired. They will be essentially the same as

those performed on Flight Z09. However, some of the experiments may be

modified with respect to frequency and/or crew time, based upon results

of the previous flight.

Operation of the Lunar Mapping and Survey System checkout will

approximate the sequence of events that would be followed in a lunar mission.

The operating time, number of on and off events, and total amount of data

collected will be essentially the same as would be required during a lunar
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mapping and survey mission. Selection of surface targets, pointing of vehicle

and sensors, photography, unloading/stowage of film cassettes, and observa-

tion of the critical subsystems operation will comprise the activities during

and stowage in the command module at the end of the test.

Because problems of sanitation, personal hygiene, and eating are

expected to become more critical in longer duration flights, pertinent

systems development tests of new equipment wili be inchded in the human

experiment program. These tests are aimed at verifying methods of pro-

viding comfort and sustenance to the astronaut in extended space flight.

Observations of methods of food preparation, eating, cieansing, personal

ablutions, and waste disposal will be made throughout the flight. The

radiation monitoring experiment wili also be continued on this mission.

3. BASIC EXPERIMENT REQUIREMENTS

A summary of weight volume, crew time, EPS, and SCS requirements

are listed in Table gll-17.

4. CONDENSED MISSION/EXPERIMENT CHARACTERISTICS

The characteristics of the individual experiments are presented in

Table 211-18. A general discussion of the details of the table and the signi-

ficance of the various factors enumerated are in Flight 209.

5. DATA MANAGEMENT REQUIREMENTS

The standardized data management subsgstem discussed in the

Approach, is applicable for this flight. All data collected in Experi-

ment 0904 (Lunar Mapping System Test) will be photographic, while

Experiment 1401 (Personal Hygiene and Food Technology) has no requirement

for data processing. As indicated in TableZll-19,the experiments will

accumulate a maximum of 525 feet of tape per experiment. The transmission

of data collected from all experiments selected for the mission totals 562.8

minutes for 30 days, or an average of 18.8 minutes per day. These require-

ments are compatible with the capabilities of the standardized data

management subsystem.

The data management requirements for Experiment 1401 require voice

recording only. Experiment 0904 will require return of film cassettes to

Earth, but not data transmittal. Data management profiles for the radiation

monitoring, biomedical, and behavioral experiments are included in an

earlier flight.
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INTEG. EXP. PRI-

NO. NO. ORITY

I I I I

010261 0101,0i02 1141

010252 0101,0102 1142
i

010243 0101,0102 1143

010361 0103,0107. i001

010352 0103,0107 1002

010343 0103,0107 1003

010461 0104 1021

010452 0104 !022

010443 0104 1023

010561 0105 1151

010652 0106 I011

010843 0108 1031
i

010961 0109,0110 1041

010952 0109,0110 1042

010943 0109.0110 1043

011161 0111 iiii

011152 0111 II12

011143 0111 1113

011261 OllZ 1044

011252 OllZ 1045

011243 OIIZ 1046
i

011361 i0113 llZl

011352 10113 I122

011343 !0113 1123

01130? 0113 II24

011407 0114 1131

011501" 0115 1161
i

011502 0115 I162
[

011503 0115 1163
i

011652 0116 1171

011761 0117 1051

011752 0117 1052

011743 0117 1053
I

511761 0117 1055

511752 0117 1056

511743 0117 1057

01180? 0118 1054

511807 0118 1058

FREQ

I/7 Davs

1/7 Days

I/7 Days

I/3 Days

1/3 Days

1/3 Days

1/3 Days

1/3 Days

1/3 Days

1/7 Days

1/6 Days

2/1 Days

1/7 Days

I17 Days

I/7 Days

Z/7 Days

2/7 Days

Z/7 Days

1/ 7 Days

1/7 Days,

1/ 7 Days

1/7 Days

1 / 7 Days

1/7 Days

1/7 Days

2 /7 Days

3/I_,is _ion

3 /l_,ission

3/Mission

1/Mission

I/Z Days

I/Z Davs

1/ Z Days

1/7 Days

1/7 Days

1/7 Days

I/Z Days

1/7 Days

C._EW TiME
• llilll el |'_r_l_lli

l%_IxlU i L.l# _,,tir" UTI SI' , o_^, _o,...,,_,. , i, __C___, i DATA i v,L,_,,, !

STAND-BY OPERATING ORIENTATION ATTITUDE BITS TRANS- (LB)//I

I

4O

//2

40

50

20

//3

40

5O

ANY

CREW WATTS MIN WATTS MIN HOLD STORED MITTED

! MEMBER! ! I I ! I (MiN) l I

40 40 30 - - ;:' ".7minA 7 min A' 7.0

40 40 30 - - * 7 min A ? min A -

40 40 30 - - _:" 7 min A ? min A -

50 6 40 - - - 1 minA 1 min 33.6

50 6 40 - - - 1 minA 1 min -

5O

Z0

i0

20

50 6 , 40

20 6 15

1 n%iD A 1 rni_ -

3 min A 3 min 5.0

Z0 6 15 - - - 3 minA 3 rain -

20 6 15 - - - 3 minA 3 rain -

80 25 60 ..... 473

30 30 8 30 - - 7 minA Z min -

5 5 15 - - 4 minA 4 min 3.0

35 56 I0 - - 4 minA 4 min 30.0

25

35

15

5

40

35 35 56 I0 - - 4 minA 4 rain

315 35 56 I0 - - 4 minA 4 min -

15

15 15 5 - - 1 minA 1 min 3.2

15 15 5 - - - 1 minA 1 rain

15 15 15 5 - - - 1 minA 1 min

40

`5 10 ,5 ..... 36.8

5 i0 5 ......

5 5 I0 5

40

40

5 40 - - - Z rnin A 2 rain 0.6

5 40 - - - 2 min A 2 rain -

10

ii

5

5

10
i

160

5

4O

10
i

4O 5 120 - - - Z min A 2 rain

6O 5 60

I0 4,5 I0 ..... 0.5

1 10 - - * - - -,
I I0 - - ,',-" - - -

I I0 - - * - - -

..... 47 .?30 5 160

ii

5

i i

i

5

23 I0 15 12.8

23 I0 15 I

I
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Table 2ii-i8. Flight 211 Experiment Parameters (Sheet i of Z)

-REMARKS- " I

DLUME i

J. FT. I

.i

,0.6

1.8

I

1.0

?.0

0.25

1.5

0.05

2.1

0_01

w

0.25,

, H

! ,

2.0
I

O.i1

I

-':'0 R1E

&Also

Mp

I
3 R_M, 6 R}

real tin

i

e TV or

r •

Lab work for 0113
J,

_M, 9 RI

cine -car

ii

,,,,

Sche_lule on 3' successive days

*Minimum rotation

i i

I i
M, 6 RI'M, 3 R]}M,

tara for 25 rain/
i

._xp

0 R] 'M, Fir SPS
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Schectule during 1st Z,_days onl 7

Schedule during Ist Z.days only

Schedule during Ist 2 days only

St_a. rl_ 7 da>rs after O11761

Start 7 days after 011752
3 ,, I

Star{ 7 days after 011743

Sche_tule during 1st 2 days only

Start" 7"darts after O11807
I
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PRiORiTY

I INTEG.NO°
EXP,,
NO:

011907 0119

511907 0119

011207 0120

511207 0120

611207 0120

i

FRE_zsR (LYc

020161 0201

020152 0201
i

020143 0201

520161 0201
i

520152 0201

520143 0201

020261 O2O2

020252 0202
i

020243 0202

020361 0203

020352 0203
i i

020343 0203

520361 O2O3

520352 0203

520343 0203

050101 0501
050102 0501

050103 0501

09O407 0904

.090412 0904

1401xx 1401
I

j PRI- l
IOR!TYI

1061

1062

1071

1072

1073

PHILI

1091

1092

1093

1094

1095

1096

1081

1082

1083

II01

1102

1103

1104

1105
ii

1106

1191
1192

1193
ml

0035

0036

FREQ

1/2 Da

1/7 Days

1/14 Da'

1/14 Da"

AND

1/6 Da,

1/6 Days

I/6 Days

1/6 Da

1/6 Da,

1/3 Days

I/3 Days

1/3

1/6 Da

1/6 Days

1/6 Da,

1/6 Da_

1/6 Days

1/6 Da

1/3 Da

I/3 Days

1/4 Orbits

1/Mission

>'i

CREW TIME (MIN_ES)

! #2 i t3:!! ANY

_; CREW
2

POWER SCS _' DATAI _ I 1
I ¢_AM'n_nv ! Op_p_T!NG 1 g_Pi_-l%i1_ATl('_l I^TTITllr_:l I_ITC_ JTDAklC

WATTS MIN WATTS MIN HOLD STORED MITTED

i
' WEIGHT ! STORi

821

32

63

I00

40

30

30

10 3O

10 30

_-_ ZO I0 15

J

2O

ZO

I0 15

I0 15

:RATOR FOR

82

32

63

100

40

4

45

EX 50 Cont.

33 30 26.

33 30 26

82 33 30 26

8 3O 26

8 30 26

75.0

32

63

100

8 3O 26

14 105 50

14 105 50

14 105 50

160 75

160 75

160 75

160 15

160 15

4O 160 15

4

45

4

Cont
For

14Days

12,5ooliI sec'

|per }llper

[Iorb_tI!iorbit
50 30 310 800 50 earth 50

200 25 I0

5O

1500

/
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Table 2ii-i8.
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Flight 2ii

Flight Ell Experiment Parameters _o,,_'c_-^^_ 2 _^_ 2)

l i l

I I

Schedu,e during Ist Z d2 ys only

Start 7 days aftler 01197

I I |

Schedu e 3 days after 02 0161

Schedu e 3 days after 02D152

Schedu e 3 days after 02 3143

Schedu.e 3 days after 02 0361

Schedu.e 3 day: after 02 0352

Schedu.e 3 day: after 02 0343

Schedu e day si le of oft it durin$1

Schedu e after 7 th day d 1ring da:

Do not 3cheduI, - time .ccounte(

first 7 c

light (E _

for in fl

ays onl, (LMS c leckout)

"A)
xed tim _s

/
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r 11grit Z 1 1

0101, 0102

0103, 0107

0104

0105

0106

0108

0109, 0110

0111

0112

0113

0114-0121

0201-0203

0501

0904

1401

Tahlp. 711-19, 13ata

ACQ

RATE

(BITS/SEC)

Analog

Analog

Analog

Analog

Analog

Analog

ACQ

PERIOD

(MINUTES)

Cont

EXP

FREQ

3/7 Days

1/Day

1/Day

1/6 Days

2/'Days

3/7 Days

6/7 Days

3/7 Days

TAPE

SPEED

(IPS)

15

15

15

15

_r

15

15

TAPE QUANT XMSN

PER ACQ PER TIME/MISSION

(FT) (MINUTES) REMARKS

525 90

75 30

225 90

None

150 90

300

300

240

51.4

75 25.7

None

150 25.7

Multiplexed

with Other

Exps

None

- 79-
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6. POWER PROFILES

SPACE and INFOR]_IATION SYSTEMS DIVI,_ION

Flight 21 1

Operating power profiles for Experiment 0904 are shown in Figures

and behavioral experiments are included in an earlier flight. Experiment

1401 power is accounted for in Life Support System requirements.

, REACTION CONTROL SYSTEM AND SERVICE PROPULSION SYSTEM

REQUIREMENTS

Requirements for RCS and SPS propellants as a function of the

experiments are shown in Table 211-20.

Table 211-20. RCS and SPS Propellant Requirements

Propellant Per

Mane uv e r Numb e r

Maneuvers (pounds) Ope rationsExperiment

09 04

0101-0102

RCS REQUIREMENTS

Attitude hold

maneuvers

Spin profile

Linear accelerations

88

13

23.3 (hrs)

i12

12

4

TOTAL

Propellant

(pounds)

28.4

52.6

1060.0

52.0

1193.0

SPS REQUIREMENTS

0101 10 sec each =

4 cycles

700 4 2800.0

8. CONTROLS AND DISPLAYS

The integrated control and display panel will be modified by deleting

the digital read-out as none of the experiments require this component.

9. CREW FUNCTIONS

Crew operation times are presented inTable 211-21. For this flight, all

crew operations are generally similar to Flight 209 for system management

- 80-
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_ '.ight Z 1 1

t_
t--
t--

I000

8o0'

600

40O

200

EXP

0 20 40 60 80

MINU TES

EXPERIMENT 0904

STANDBY FOR

310 MINUTES
i

100 120

Figure 211-8. Operating Power Profiles, Data Collection

50O

400 --

300 m

t_
t--

20O

100 _ EXP

o 1
0 20

Figure 211-9.

EXPERIMENT 0904

1 1 I 1
40 60 80 100

MINU TES

Operating Power Profiles,Data

120

Retrieval
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n _ht 1

with an additional requirement for turning on fuel ceils after 14 days. All

crew experiment operations for this flight are described in Flight 209 except

for Experiment 0904 described in TableZll-Z2,and 1401, which is simply an

c_h._rvation of standard crew hygiene and food technology.

Table 211-21. Crew Times

Exp

09 O4

09 O4

1401

C-I

45

0501

NINN
v_vv-

0200

TOTAL

Specific Time (rain)

C-2 C-3 Any C

50

45

0

Total

(hrs)

24.8

0.0

2.0

3!4.9

Remarks

Camera tending and monitor

EVA camera tending

Personal hygiene and food

preparation

For details see Flight 209

341. 7

Table 211-22. Crew Experiment Function Description

Function De s cription

Expe riment 09 04

Setup, periodic

Align

Plot

Observe, direct,

Observe, display

Process data

Record

non- man

Checkout camera, warmup

Visual alignment" of camera with target area

Spacecraft orientation and attitude hold

during runs

Optical or direct visual observation of

mapping target

Monitor camera operation displays

May utilize polaroid type film processing

Record observations of equipment performance

EVA* EVA operations in collection camera loadingsteps a-f and h-n

_'EVA steps as shown in Approach

- 82 -

SID 65-500- 2A



J

NORTH AMERICAN AVIATION, INC. _/_

........ .,....
'-II_rr-_jrlll iIrJIr=.ll I IrllL

SPACE and IN[-'_)RYt4ATION Sy__'rEF.4.S DIVISION

Flight 211

i0. SUMMAKY OF MISSION ACCOMPLISHMENT

Flight 211 is the first 30-day mission oriented toward human research.

However, i00 percent accomplishment of th_ _Av.=.i..,_nt goals will :,ut be

achieved with existing RCS propellant limitations. It is necessary to delete

seven of the twelve spin-ups suggested for Experiment 0102.

The linear accelerations (SPS firings) required by Experiment 0101

should be reduced to two to save weight by reducing the amount of SPS

propellant required for the mission.

An objective of this flight is the checkout of Lunar Mapping System

(LM_S) equipment, which results in several specific mission characteristics.

While the stabilization and control requirements are within Apollo accuracy

capabilities, the uncertainty of the guidance and navigation reliability

restricts mapping operations to the first seven days. LMS equipment quali-

fications will, therefore, be accomplished on each fourth orbit for 50 minutes

on days two through seven. The LMS experiment will generate 125 pounds

of film that will be retrieved rrlaaually from Sector I of the service module

and returned to Earth in the command module.

83-
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Flight 507

'TT_T TI"_TTrr "t /"/'I"). "F)'_'_X_r_r_l_ "b'-' ^ Dq"T_l" _'b'_l',,T_Tl%T("o AI'_TI"I

ELECTROMAGNETIC RESEARCH

i. EXPERIMENTAL PROGRAM

This flight will be placed in a 200-nautical-mile,

for 14 days, with a crew of three men.

The following experiments will be flown:

Standard Group

0101-0120

0201-0203

0501

Mi s sion Group

0901

0902

1201

1202

1405

°

Earth-polar orbit

Biomedical Series

Behavioral Series

Radiation Environment Monitoring

Multispectral Target Characteristics

Synoptic Earth Mapping

Measurement of Radio Frequency Radiation

Wide-Bandwidth Transmission in Space

Orbital Test of a Large Solar Cell Array

{Mechanism and Deployment Testing Only)

MISSION OBJECTIVES

Biomedical and behavioral experimentation will not be emphasized in

this flight. At this point, it will be known with certainty that man can

survive and perform adequately in space for 30 days. Because the earlier

concern in physiological and behavioral areas will have been reduced,

proportionately more emphasis will be given to basic mission and systems

technology.

- 85-
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Flight 507

This flight will provide the first manned Earth polar orbit, allowing a
number of observations of natural communications manifestations as well as

realistic checkout of equipment and techniques for surface mapping and

............. ................ o_,_y_L_.,,_,_ test, ,,,- ,,_st o_.,. oi large
solar array deployment vital to prolonged duration future missions will be
carried out.

The primary experiment programmed for the mission is the synoptic

mapping of the Earth surface (090Z}o During the mission, stereocartographic

photos of Z0-foot resolution will be taken in such a manner that topographic

maps of the desired height resolution may be prepared. Simultaneously,

multicolor photography at a coarser resolution will permit reconstitution of

subsequent full-color and modified false-color photos. During the mapping

periods, additional surface characteristics will be obtained by reception of

broad band VHF pulses; these pulses will indicate surface moisture condi-

tions and passive reception of the Earth's microwave emission with a

radiometer. Results of this experiment will be correlated later with the

14-day result of Flight 215 and the 45-day results of Flight 518.

A closely related experiment (0901) provides for the high-resolution

examination o£ areas of the Earth's surface with a multispectral sensor,

recording its surface infrared images and spectra as well as microwave

imaging. The multispectral examination will utilize a 16-inch telescope for

high resolution, and record images at selected points in the ultra-violet and

infrared spectrum range. Spectra of selected targets in this frequency range

may also be collected through the telescope. The crew's task will be to

point the vehicle and/or sensor to see the desired targets adequately. In

addition, images of the same surface areas in the infrared and microwave

regions of the spectrum will be gathered by appropriate passive imaging

sensors. This 14-day version of experiment 0901 will form the basis for

later correlation with the same experiment of a 45-day duration (Flight 518)

and 14-day duration (Flight 215).

Two other experiments will furnish experimental data closely related to

the problem of Earth reconnaissance. The first of these (1201) will record

the amplitude and spectral distribution of man-made radio frequency

emissions from the Earth in the 100 mc to 15 kmc region. Measurement of

these signals (or background noise) will be correlated with geographic

position during the mission. The second experiment (1202) will require the

spacecraft to make broad bandwidth data transmissions to selected ground

station periodically; these transmissions will determine the effectiveness of

- 86-
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Flight 507

transmitters, data coding and modulation techniques, antennas, etc. , in the

high-frequency, very high frequency, and millimeter wavebands. It is

.... _,1,_ +_._+ ...... _u_ _u_ u_ _ data ............ by omerv ............ g_l_x_L_u the mgn aata rate

_p_i,,ents on this rntssion may be telemetered by this experiment.

In combination, the Radio Frequency Radiation and the Wide Bandwidth

Transmission experiments provide a two-way communications path capable

of high data transmission rates. The Synoptic Earth Mapping experiment

and the Surface Mapping and Exploration experiment will generate large

quantities of photographic data and magnetic tape recordings. With wide-

band transmission capability aboard thesame flight, it may be desirable to

transmit some or all photomapping data via a video link to Earth for video

tape recording. This approach will serve the dual purpose of testing wide

band, high power transmitting systems and reducing data storage require-

ments imposed on the spacecraft.

An additional commonality of experimental requirements exists with

regard to stabilization, attitude control and orbital characteristics. Stabili-

zation and attitude control requirements of the Synoptic Earth Mapping

experiment are the m_st stringent and, if these can be satisfied, stabiliza-

tion requirements for all other experiments will be met. In order to obtain

as complete a mapping of the Earth surface as possible, a polar orbit is

necessary. The high inclination orbit will also provide a more complete

coverage of radio frequency radiation and a wider range of targets for

spectral measurements. To minimize transmission variables and to simplify

the data recording system, it is also desirable that the orbit be circular.

The Multispectral Target Characteristics experiment favors a low incIination

orbit for ground site corroboration--an objective which will be accomplished

on a subsequent flight of lower orbit inclinations. While a polar orbit affords

optimum gIobal coverage, the duration of this mission is not adequate for a

compIete global mapping. While the polar region may be mapped compre-

hensiveIy, it is estimated that only 30 percent of the equatorial area can be

mapped in 14 days. Subsequent polar orbit missions of 45-day duration will

permit compIetion of the global mapping experiments.

A mechanical/operational test to determine the physical feasibility of

deploying, pointing, and using a Iarge solar celI array is embodied in

experiment 1405. A mechanism similar to that ychich will be carried in the

same experiment on Flight 518 will be used, but with a smaller solar array.

The purpose of this test wili be to photo record the ability of the crew to

deploy and orient the array to the sun.

Special interface problems were encountered during experiments 0901

and 0902. These will require mounting on a stable pIatform. The infrared

spectrometer and multispectral camera can be combined optically with the

87-
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grit 507

telescope. The spectrometer requires a dewar and must be oriented towards

Earth. For all cameras which require a change of film, the backs and side

equiprne -"lib,

In the case of Experiments 1201 and 1202, the deployable antennas may

be stored outside the rolls. The monopole, dipole and dish antennas must be

oriented towards the ground when in operation.

Because of its large volume, the Solar Cell Array experiment must be

stored in the unpressurized area of the roils. The solar panels must be

erected externally by means of extendable mechanical members.

It is required that the solar array be oriented with respect to the sun,

and that the panels do not interfere with the field of view of other experi-
ments.

3. BASIC EXPERIMENT REQUIREMENTS

The weight, volume, crew time, EPS, and SCS requirements of the

experiments are iisted in Table 507-23,

4. CONDENSED MISSION/EXPERIMENT CHARACTERISTICS

Pertinent parameters of the experiments conducted on this mission are

shown in Table 507-24. The data formed the basic input to the automatic

experiment scheduling program. Reference may be made to paragraph 4,

Flight 209, for detailed description of the parameters presented in the table.

5. DATA MANAGEMENT REQUIREMENTS

As indicated in Table 507-25, Experiments 0901 and 0902 will be

conducted simultaneously at a total data acquisition rate of 1137 bits per

second for a period of 30 minutes. These experiments will be repeated

three times per 11 orbits. The standardized data management subsystem

will process this data readily in the low bit rate mode at a tape speed of

3-3/4 ips, with a tape accumulation of 563 feet per acquisition period.

Experiment 1405 is processed in a similar manner while Experiments 1201

and 1202 require no data handling. The balance of the experiments listed

will be processed by the standardized data management subsystem and

recorded at the 15 ips tape speed. Total transmission time required for all

experiments selected for Flight 507 is 330. 3 minutes for the 30-day mission,

or an average of 23.6 minutes per day.
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INTEG. EXP,
NO. NO.

I

010261 0101,0102

010252 0101,010Z

010243 0101,0102

010361 0103,01071

010352 0103,010'_

[010343 0103,0107
010461 0104

010452 0104

010443 0104-

I010561 0105

010652 0106
i i

010843 0108

010961 0i09,0110

!010952 0109,0110!

i010943 0109,0110i

011161 0111

011152 0111

011143 0111

011261 011Z

011252 0112

011243 011Z

011361 0113

011352 0113

011343 0113

011367 0113

011407 i0114

011501 0115
i

011502 0115

011503 0115

011652 0116

011761:0117

011752 0117

011743 :0117

511761 0117

511752 0117

51'1743 0117

011807 0118

511807 0118

PRI-

ORITY

I

1141

1142

1143

I001

1002

1003

1021

1022

1023

1151

1011

1031

104i

104Z

1043

llll

lllZ

ill3

1044

1045

1046

ll21

1122

1123

1124

1131

1161

1162

1163

I171

1051

1052

1053

1055

1056

1057

1054

1058

FREQ

1/7 Days

1/7 Days

1/7 Days
i

i/3 Days"

I/3 Days

1/ 3 Days

i/3 Days

1/3 Days
I

I/3 Days
I

I/7 Days
i

i/6 Days

2/1 Days

i/7 Days

1/7 Days

177Days
2/7 Days

Z/7 Days

2/7 Days

1/7 Days

1/7 Days

1/7 Days

l/7 Days

1/7 Days

1/7 Days

1'] 7 Days

2/7 Days
I

3/Mission
"| i |

3(M,ission
3/Mission

1/Mission

I)2 Days

1/2 Days

1/2 Days

1/7 Days

1 / 7 Days

1/7 Days

1/2 Days

1/7 Days

CI_EW TIME

#1 J #2

I
w w

I

40

MINUT ES) POW ER SCS DATA W EIG HT
! ! !

03 ANY STAND-BY OPERATING ORIENTATION ATTITUDE BITS TRAN S- (LB)
i

! CRFvV !WATTS MIN i WATTS MiN I l HOLD I STORED MiTTED I

MEMBER IMIN}

40 40 30 - - * 7 min A 7 mir_ 70

50

20

40

50

Z0

40 40 30 - - * 7 min A 7 minA -

40 40 40 30 - - 7 min A 7 minA -

50 6 40 - - - 1 minA 1 min 33.6

50 6 40 - - - I min A 1 min -

50 50 6 40

2O 6 15

1 min A 1 rain

3 min A 3 min 5.0

20 6 15 - - - '3 min A 3 min

20 Z0 6 15 .... 3 rain A 3 min

10
l 80 25 60 - - - iZ - -

30 30 8 30 - - - : minA 2 min

473

35

25 5 5 15 - - 4 min A' 4 min 3.0

35 56 i0 - - 4 rain A 4 rain 30.0

35 35 "'" 56 10 " - - - 4 min A ! 4 min -

35 35 56 I0 - - - 4 rain A 4 min -

15 15 15 5 - - - 1 min A 1 min 3.2

15 15 15 5 - - - 1 rain A 1 min -

15 15 15 5 - - - 1 min A 1 min -

5 I0 5 ..... 36.8

40

5 5 I0 5

5 5 i0 5

40 5 40 - - - 2 min A 2 min 0.6

40 40 5 40 - - - 2 min A 2 min -

46 40 5 IZ0 - - - Z min A Z min -

60 5 60 ......

I0 4.5 I0 ..... 0.5

1 I0 - - _ - - -I0

10 1 10

I0 1 I0
l

160

5

5

5

5

30

5

5

5

5 160 ..... 47.9

5

5

23 l0 15

23 10 15

- IZ.8

!

STO
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Table 507-24. Flight 507 Experiment Parameters (Sheet 1 of 2)

R'E'_ba,RK'S

! !

I

0 RPM, Fir_ SPS

I I

1
!

i

.01 i

25

i !
U | i i]

Lab work for 0113
_n !

I Sche(]ule on 3 successive days]*Minimum rotation
J

|

Schedule duri:n_ 1st 2 :da;s onl_

Schedule during 1st 2 days only
| - , •

Schedule during 1st 2 days only

Start 7 days after 011761
| •

Start 7 days after 011752
| | i w

Start 7 days after 011743

Schedule during 1st 2 clays onl C
|

Start 7 days after 011807

pll

iii
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. . lip

w.-- . .,m ........ PRIORITY

INTEG. EXP, PRI-
NO. NO. ORITY

!

011907 0119 I061

511907 0119 1062

011207 0120 1071

511207 0120 1072
i i

611207 0120 1073

L_
i

FREEZ _.R (LYC

020161 0201

020152 0201

020143 0Z01

520161 0201

520152 0Z01

520143 0201

020261 0Z0Z

020252 0202

020243 0202

020361 0203

020352 0203

020343 0203

520361 0203
i

52O352 0203

520343 0203

i

090107 0901,2
i

590107 0901,2

690107 0901,2

790107 0901,2

050101 0501

050102 0501

050103 0501

140507 1405
640507 1405

120107 .201-120_

i

PHILI

FREQ

II

1/2 Days

1/7 Days

1/14 Days

1/14 Days

1/14 Days

;ER) AND R

#I

EFRIG

i

1091 I/6 Days 82

1092 1/6 Days

1093 i/6 Days

11094! 1/6Days I 32i
1095 1/6 Days

1096 I'/6Days

1081 1/3 Days 63
J

1082 I/3 Days

1083 1/3 Days

1101 1/6 Days, 100

ll0Z 1/6 Days

1103 I/6 Days

1104 I/6 Days' 40
i

11o5 1/6 Days
1106 1/6 Days . .

32

33
ii

34

1701

1201

1202

1203

35

36

37

i 'i i |

1/11 Orbits

1/11 Orbits

1/11 Orbits

I/3 Days
i

1/3 Days

1/3 Days

1/3 Days
i

3/Mission
11/Mis sion

4/Mission

CkEW TIME MINUTES

I #2 ANY
CREW

POWER
o I

STAND-BY OPERATING
_,, "VTe* ! ATTe' | kzlkl

IV|l I "_VY/_l 13 I1 vvA,,.:,I MIN '"

i i• MEMBER •

30 I0 3O

SCS DATA
| b,,

ORIENTATION ATTITUDE BITS TRANS-
, ,,..,r.

! I nVLU | ._I'..,'_,LU, |Jwl i ILU'
i "  MINi '

I II

WEIGHT ST(

(LB) VO

i

I I

30

20

10 30

I0 15

,i¸

20

2O

I0 15

I0 15

ERATOI

82

I
3Z

i

63

100

F_ A]

.?

li.

8Z

'32

63

;OVE E>

33

33

33

8 I
8

8

14

14

14

PERIMENTS 50 Cont.

30 26

30 26

3O 26

3O 26

30 26

30 26

105 50

105 50

105 50

75.0

100

4O

4O

160 75

160 75

160 75

160 15 -

160 15 -

160 15 -

30 360 30 Towar(s earth 30 Z.6xl0 b 51 sec 2953 96

30 360 30 Towar( s earth 30 2.6x106 51 sec -

33 360 33 Towar(s earth 33 2..6x106 51 sec -

4

4
i

4

15

45

4

2O

5.3

83

Cont. - - - -

For - - - 12,500/

14 Days _ _ - orbit

- Solar ,i-nnel - -
- Towar( s sun! - -

p

1440 Towar( s earth 1440 *

1 sec/

orbit

#

5O

Z6Z

414
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I

I

3 da"s after ,20161

3 da rE after 20152

3 da"s after 20143
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3 da_s after 20352

3 d2 is after 120343
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Table 507-25. Data Requirements Summary

ACQ

RATE

( BITS/SEC)

ACO

PERIOD

(MINUTES)

EXP

FREQ

Analog

0101, 0102 Analog 7 3/7 Days

0103 Analog 1 1/Day

0104 Analog 3 1/Day

0105 ......

0106

01 O8

0109, 01t0

1/6 Days

2/Day

3/'7 Days

0111 Analog 1 6/7 Days

0112 ......

0113 Analog 2 3/7 Days

0114- 0121 ......

0201-0203 ......

0901, 0902 37 30 3/11 Orbits

0501 3 Cont

1405 5 30 11/Mission

1201, 1202 --

TAPE TAPE QUANT

SPEED PER ACQ PER

(IPS) (FT)

15 525

15 75

15 225

15 150

3OO

t
1

15

15

3-3/4

3=3/4

XMSN

TIME MISSION

(MINUTES) REMARKS

42

14

42

-- None

4.7

112

300 24

75 12

-- None

150 12

-- None

- - None

563 57.3

-- Multiplexed

with Other

Exper

563 10. 3

-- None

- 95-
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Experiment 1202 requires an up-voice channel for verification.

Experiment 1201 requires a tape recorder. Operating profiles for 0901-

0902 and 1405 are shown in Figure 507-I0.

6. POWER PROFILES

Figure 507-11 contains the operating power profile for each

experimental task that has not appeared in a previous flight.

7. REACTION CONTROL SYSTEM AND SERVICE PROPULSION SYSTEM
REQUIREMENTS

The RCS and SPS propellant requirements are listed in Table 507-26

8. CONTROLS AND DISPLAYS

The integrated control and display panel is modified by the addition of

a circular indicator and toggle switches for this flight.

Table 507-26. SPS and RCS Propellant Requirements

Propellant per Number

Experiment Maneuvers Maneuver (Ib) Dperations Propellant (Ib)

RCS REQUIREMENT

0101-0102

1405

1202

1201

0901-0902

Spin profile

Linear acceleration

Maneuvers

Maneuvers

Maneuvers

Maneuvers

Attitude Hold

88.0

13.0

1.4

1.4

6

2

14

4

4

6O

31.5 (hr)

53O

26.0

12.9

5.6

5.6

112.0

91.4

TOTAL WEIGHT 896.5

SPS PROPELLANT REQUIREMENT

0101 i0 sec firing 700.0 2. 1400.0

- 96-
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1137 PS
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DATA STORAGE

100

400--

200--
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0
0

280 BITS/MINUTE

--I
I
I
I

I J I
10 20 30

MINUTES

EXPERIMENT 1405

DATA STORAGE

40 5O

Figure 507-10 Operating Profiles

1000

800

200--

0
0

DATA MANAGEMENT

EXPERIMENTS 0901-0902
IO0

80--

60--

40--

20 --

EXPERIMENTS 1201-1202

EXP

1 I J I l
20 40 60 80 1(30 120 CONTINUOUS FoR 24 HOURS
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Figure 507-11 Operating Power Profiles
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9. CREW FUNCTIONS

SP.a.CE and INFORMATION SYSTEMS DIVISION

Flight 507

Table 507 -Z7 summarizes crew times for this flight. For experiments

not descrlbed previousiy, these times are shown as specific to certain crew

members or referable to any crew member; for previously described experi-

ments, these times are summarized as totals for the flight.

Table 507-27. Crew Times

Specific Time (rain)

Experiment C-l C-2 C-3 !Any C

I

I

0901, 2 30

0901, 2 30

090 i, 2 33

1201, 2 20

1405 4

1405

0100-0200

0501

45

Flight

Total

(hr)

46.5

1.3

3.0

155. 8

1.0

TOTAL 207.6

Remarks

General sensor selection:

Earth target selection;

monitor

Mainly communication

channel monitoring

Mainly external structure

observation

Crew system management operations for Flight 507 are essentially the

same as those in Flight 209. Crew experiment operations for those experi-

ments not previously described on other flights are generally concerned with

earth target sensing and communication procedures. Table 507-27 describes

the crew operations involved in the experiments not previously described.

- 98-

SID 65-500-2A



NORTH AMERICAN AViATiON, iNC. __

Table 507- 28.

Function

SPACE and INFORMATION SYSTEMS DIVISION

Flight 507

Crew Experiment Function Description

Description

EXPERIMENT 0901

Set-up, periodic

Tear down final

Calibrate

Align

Pilot

Observe, direct, non-man

Observe, display

Photo

Process

Direct transmit

Record

Select sensors, checkout equipment,

warm-up

Store film for earth return

Calibration utilizing calibration feature

of equipment

Intra sensor alignment, e.g., via

optical scopes

Altitude orientation and hold during
measurements

Visual and optical selection of target
area

Monitor sensor data, e.g. , on CRT

Possibly activate film exposure

Screen and discard data

Coordinate with ground support

Log record of data and observations

EXPERIMENT 0902

Set-up, initial

Set-up, periodic

Tear down, periodic

Remove camera from storage and

position for use, probably remote

control positioning

Load film, frame ground area in view

finder, turn on camera, check out

camera

Remove and store film, secure

camera

- 99-
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Table 507-28. Crew Experiment Function Description {Cont)

Pilot

Observe,

Function De sc ription

direct, non-man

Observe, display

Photo, etc.

Direct, transmit

Record

Set up attitude orientation, may be

manual or by'programming compute:

Visual inspection of area to be

photographed

Monitor camera operation displays

(l man) and attitude control (I man)

See above

Coordination of photography with ground

Log photo control parameters and

comments on visual inspection of ground

area

EXPERIMENT 1201

Set-up, periodic

Teardown, periodic, N-CDM

Calibrate

Pilot

Observe, display

Photo

Direct transmit

Record

Select frequency scan segments, check

equipment, set-up for photography

Teardown camera set-up, turn-off

equipment

Calibration of equipment before each

test, probably calibrate of control and

display panel.

May require gross orientation of

vehicle before each or some tests

Monitor equipment operation and

reception parameters during test

Polaroid photo of oscillograph

Coordinate test runs with appropriate

ground stations

Log record experiment plan and signi-

ficant observations

- i00 -
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

Flight 507

Table _ut-ztI. Crew Experiment Function Description (Cont)

Function De s cription

EXPERIMENT 1202

Set up, periodic

Calibrate

Observe display

Direct transmit

Record

Select transmitter, signals, variable

parameters; turn on and warm up

equipment; checkout equipment, all at

control and display panel

May be required as part of setup.

Monitor equipment performance and

reception indicator parameters as

provided for in display design.

Coordinate signal selection, etc., with

ground stations.

Log record parameters observed from

display panel; also, any unusal events

connected with equipment functioning,

etc.

EXPERIMENT 1405

Set-up, initial

Calibrate

Alignment

Pilot

Observe

Observation, di splay

Manual control of servomotors for

deployment

Calibration will be from control and

display panel

See Calibration (above)

May require AV and attitude control for

drag, etc. Also measures possible

attitude control for orientation.

Observation of deployment and status of
structure

Monitor deployment, calibration, align-

ment, performance, status displays

- I01-
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Flight 507

Photo

Direct transmit

Record

Function De s cript ion

Photographic and TV coverage of

deployment and structural status

Open-line communication between all

crew members and ground during

deployment

Log record of observations noted above

I0. SUMMARY OF MISSION ACCOMPLISHMENT

This flight is the first in a series of flights to be launched into polar

orbit. As such, it has several unique characteristics. In order to

achieve the polar orbit, a yaw steerlng boost program is required. Several

inhabited islands lie along the proposed flight path; therefore, special

consideration must be given to the location of booster impact.

This flight will include the following: deployment tests of the solar

array, RF radiation measurement and transmission studies, the Earth-

mapping experiment, etc. In order to accomplish the scheduled experiments

and ensure mission duration, additional batteries will be required in the

experiments rack. Deletion of two of the six spin-ups required in experi-

ment 0102 will be necessary due to RCS propellant limitations. To alleviate the

guidance and navigation reliability problem, minor modifications of the

stabilization and control system will be considered.

lOZ -
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Flight 509

FLIGHT 509: ADVANCED SPACE O_I_.RAT!ONS AND TECHNIQUE

I. EXPERIMENTAL PROGRAM

Flight 509 will be placed in a synchronous equatorial orbit for 14 days,

It will carry a two-man crew due to the volume requirement in the Command

Module for return of the Syncom III satellite.

require an altitude of 19, 300 nautical miles.

following:

Standard Group

0101-0120

0201-0203

0501

Mission Group

1603

1302

1303

1304

1306

1601

0801

0705B

The synchronous orbit will

Experiments will consist of the

Biomedical Series

Behavioral Series

Radiation Environment Monitoring

Recapture of Syncom III

Deployment of RF Reflective Structures

Extendable Rod Performance Tests

Operation of Solar Sailing Passive Communications

Satellite

Large Aperture Space Erectable Antenna (30-ft

diameter)

Orbital Maneuvering and Docking (Phase I and

Phase II)

Conjugate Aurora and Airglow

Radio Astronomy 1-5 MXPS Range (Using Extendable

Rod as Antenna)

- 103 -
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Flight 509

Z. MISSION OBJECTIVES

Flight 509 will include more complex maneuvers than have been pre-

viously attemoted. The Ape, lln .qp__ ,,_11 _ ,,1_ _.......

orbit for the first time, and will there engage in complex operations relative

to other orbiting objects. Deployment and performance of large antennas,

rendezvous and docking with an unmaneuverable satellite (Syncom III) and

other precise maneuvers will be attempted.

Four experiments (1302, 1303, 1304, and 1306)are concerned with

the deployment of unwieldy or bulky external devices, including fibrous rf

reflective expandable structures, extendible or inflatable long rods or tubes,

large diameter erectable antennas, or inflatable solar sail structures. These

experiments may be conducted during the early stages of the mission as

desired. Deployment will take place external to the vehicle, and once an

experiment is completed, the deployed device will be cast off to make way

for the next device under test. Experiment 1302 will require ground-based

evaluation of passive rf return of ground signals, whereas Experiment 1306

will receive either ground signals or galactic radio sources for tests of side

tubes, tracking and foresight errors, etc.

Data return on the mechanical deployment experiments 1302, 1303,

1304, 1306 will consist of photos and comments on the physical aspects of

the deployment of rf-reflective expandable structures, extendible rods, solar

rail shapes, and large-aperture rf antennas. Ground stations will determine

the reflective characteristics of the first items while on board, records of

the latter devices rf directive characteristics will be made.

At synchronous altitudes, a good view of the conjugate aurora can be

obtained, and Experiment 0801 will record this phenomenon by photography,

spectral data, ionized particle counts, etc.

The mapping of galactic rf noise in the l to 5 mc range of frequencies

will be accomplished by Experiment 0705B. Atunable V antenna with legs

1000 to 2000 feet long will be formed from extendible rods or tapes of the

type used in Experiment 1303. The synchronous orbit altitude will minimize

atmospheric drag and gravity-gradient distortion of the antenna arms during

the experiment. Records of galactic noise levels, directions, source, sizes,

etc., will be made.

Near the end of the mission, a series of orbital maneuvering and

rendezvous tests will be performed (Experiment 1601) using visual and

radar tracking of the target. The target against which the test will be

performed is the Syncom III satellite. A final approach and capture of this

target with subsequent return of the device to Earth in the Command Module

is the aim of Experiment 1603. An attempt to recover Syncom III for Earth

- 104-
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Flight 509

inspection will provide a test of acquisition and return of sizable weights and

volumes. To achieve an equatorial orbit at 19, 300 nautical miles necessitates

traveling through the portion of the Van Allen belt with the highest density

radiation. Once in orbit, the test crow members wi!! be subject to possible

hazard due to radiation from solar flares.

B.iomedical and behavior experimentation wilI continue to study in depth

untoward reactions observed in earlier flights "and will emphasize the search

for preventive measures and countermeasures for deleterious effects of

space flight. On the assumption that man has been demonstrated to remain

relatively unimpaired in space, his capability to accomplish more complex

tasks will be studied.

Special Inter face Problems:

Because this flight has many large erectable, extendible, or inflatable

structures to deploy from the rack, only one at a time will be deployed so

that there will be no danger of one device interfering with another. The first

experiment to be performed is the first part of the Extendible Rod Perform-

ance Test, 1303. A Z00-foot extendible rod will be deployed from the rack,

observed, and then discarded. The next experiment to be carried out is 130Z,

Deployment of RF Reflective Structure. For this experiment a 50-foot

diameter balloon, stowed in a rack, will be deployed on a tether. This

experiment is jettisoned at its conclusion. Experiment 0705B, Radio

Astronomy with "V" Antenna, is conducted with the extendible rods of

Experiment 1303. The first Z000-foot rod must be extended from the rack to

various lengths and checked. Thenthe second 2000-foot rod is extended full

length and the antenna experiment conducted. The rods are jettisoned at the

conclusion of the experiment before the balloon for the solar sailing experi-

ment, 1304, is released. This experiment is jettisonedbefore Experiment 1306

is initiated. The antenna must be stowed in a canister at the bottom of the

rack on the booster, because its size does not allow it to be stowed in any of

the rack sectors. The antenna must be deployed from the stowed canister

and jettisoned after the experiment is complete so that there are no large

appendages on the CSM and rack while performing the last experiment, 1603,

The Capture of Syncom III.

After rendezvousing with Syncom III, a telescopic boom with a net is

extended from the rack. The rotating satellite must be despun using the net

and a braking mechanism on the boom. After the satellite is despun, the

telescoping boom brings it into the unpressurized portion of the rack where

the antennas are removed with metal cutters; at the same time a shaped charge

with a guard is placed on the engine nozzle. The satellite must again be

extended out on the boom where the charge is fired to sever the nozzle. The

two components must then be brought back to the rack and taken into the CM

through the airlock and stored.
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_rln_ent uovl, _uiuugate Aurora and Airglow, must be located

partly in the airlock and partly in the unpressurized section of the rack. The

optical systems must be stored in the airlock and assembled on the door when

in use. The magnetometer must be extended out of the rack hy me_n_ nf

motor-driven storable tape element, while the plasma probes remain attached

to the rack.

3. BASIC EXPERIMENT REQUIREMENTS

The weight, volume, crew time, EPS, and SCS requirements are given

in Table 509-29.

4. CONDENSED MISSION/EXPERIMENT CHARACTERISTICS

Pertinent parameters of the experiments carried on this mission are

shown in Table 509- 30. This data formed the basic input to the automatic

experiment scheduling program. Reference may be made to Paragraph 4,

Flight 209, for detailed definition of the parameters presented.

5. DATA MANAGEMENT REQUIREMENTS

The data management requirements for Flight 509 are summarized in

Table 509-31. The figure indicates a maximum tape footage requirement of

1125 feet (i/2 reel), a total transmission time per mission of 296 minutes,

and an average transmission time per day of 21. 1 minutes. Hence, the data

management subsystem described under "Approach, " is capable of perform-

ing the data management functions required by Flight 509. It should be noted

that the experiment frequency is altered by the utilization of the two-man crew

rather than the three-man crew considered for other flights.

Figure 509-12 shows the data processing profiles for Experi-

ments 0705-B, 0801, and 1313. Other technical experiments will not

require data processing in quantity. Reference can be made to Paragraph 6,

Flight 209, for data processing profiles for the biomedical/behavioral series.

6. POWER PROFILES

Figure 509-13 contains the operating power profile for each experi-

mental task that has not appeared in a prev_Lous flight.

7. REACTION CONTROL SYSTEM AND SERVICE PROPULSION SYSTEM

REQUIREMENTS

Table 509-32 specifies the amount of RCS and SPS propellants required

to support the technical experiments for attitude-hold and maneuvering during

this flight.
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INTEG o

NO.

OIOZZI

OIgZIZ

010321

010312

OI04zi

010412

010521

010612

010821

010921

010912

OIIIZI

OIIIIZ

OIIZZI

OllZIZ

011321

011312

011304

011404

011501

011502

011621

011721

011712

511721

511712

011804

511804

011904

511904

012004

512004

FREEZ

EXP.

NO.

PRIORITY

PRI-

ORITY

FREQ CREW

#1 #2

I I

OlOlrOi02 1141 I/7 Days 40 40

0101,010Z I142 1'/7 Days 40 40
t

0103,0107 I001 1/3 Days 50 50

0103,010_ 100Z I/3 Days 50 50

0104 10ZI 1/3 Days Z0 Z0
t

0104 10ZZ I/3 Dais Z0 Z0

0105 1151 1/7 Days I0 80

0106 I011 1/6 Days 30 30
t

0108 1031 Z/l Days 25 5

0109,0110 1041 1/7 Days 35 35

0109,0110 1042 I/7 Days 35 35

0111 IIII 2/7 Days 15 15

0111 IIIZ Z_'/7Days 15 15

0112 1044 1'/7 Days 5 5
i

011Z 1045 I/7 Da_s 5 5

0113 I121 1/7 Days 40 40

0113 1 IZZ 1/7 Days 40 40

0113 II23 1/7 Days

0114 1131 Z/7 Days
i

0115 1161 3/14 Days I0
- L

1162

1171

1051

1052

1053

1055

1054

1058

1061

1062

1071

I07Z

PHILI

o115
i

3 / 14 Days
i

i

0116

0117

0117

0117

0117

0118

0118

0119

0119

01Z0

OIZO

ER (LYC

T !ME- (MII_UT ES)

#3 ANY

L

L_

CREW

MEMB£R

I

STAND-BY

POWER
I

OPERATING

WATTS J MIN WATTS MIN

4O 30

SCS
I

ORIENTATION ATLflTUDE

HOLD

iMiNi
See

Remark,

DATA

BITS TRANS-
WEIGHT

(LB)
STORED MITTED

I

7 min A 7 minA 7.0

40 30 - - See 7 min A 7 min A -

Remark._

6 40 - - 1 minA 1 min 33.6

6 40 - - 1 min A 1 min

6 15 - - - 3 min A 3 min 5.0

6 15 - - 3 minA 3 min

25 60 .... I0.0

8 30 - - - Z min A Z min -

5 15 - - 4 minA 4 rain 3.0

56 I0 - - - 4 min A 4 rain 30.0

56 I0

15 5

- 4 min A 4 min

- 1 min A 1 min 3.2

15 5 - - - 1 min A 1 min

10 5 ..... 36.8

I0 5

5 40 - - - 2 rain A 2 min 0.6

60

5 40 - - - Z min A 2 rain

5 6O

I0 4.5 10 ..... 0.5

1 10 ' - - See - - -

%emarks

I0

30 160
5 5

5 5

5 5

5 5

1 I0 - - See

1/14 Days

1/2'Days

1/ZDays

1/7 Days

1/7 Days

1'/2 Days

1/7 Days

1/2 Days

1/7 Days

1/14 Days

1/14 Days

5ER) & REF LIGER kTOR F,

23

23

3O
i ,

3O
t

20

20

)RAso "E EXPE

i

_emark_

5 160 47.9

RIMEN3 S

10 15 ..... IZ .8

I0 15 ......

I0 30 ......

I0 30

I0 15

I0 15

50 Cont

.

V_

C

/



1.8

I I
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i
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ii " " i i i

1 ii . .. tPll ..... PRIORITY

INTEG, EXP. PRI-

NO. NO. ORITY

FREQ

020121 OZO1 1091

OZOllZ OZO1 1092

520121 OZO1 1093

520112 D201 1094

020221 0202 1081

020212 0202 1082

020301 0203 1101

OZO30Z 0203 1102

520301 0203 1103

520302 0203 1104

130304

130204

630304

070504

570504

130404

630404

130604

630604

160321

050101

050102

080104

13'03

1302

1303
J

0705B,
1303

0705B

1304

1304

13o6

1306

1601,1603

0501

0501

0801
I

C.P,EW TIME (MINUTES)

#I I #2 ....#3 ANY

I

1/6 Days 82 33

1/6 Days 33 82

I/6 Days 32 8

1/6 Days 8 32

1/3 Days 63 14

1/3 Days 14 63

I/6 Days I00

1/6 Days I00

1/6 Days 40
t

1/6 Days 40
t

35 1/Mission

33 1/Mission

36 1/Mission
34 1/Mission

I

1'/ 6 Orbits
I

1/Mis siGn

118 Orbits

1/Day
. t

1L/Mis slop

1/Z Days

1/Z Days

1/Z Days

41

37

39

38

42

32
i

43

44

40

POWER

1

CREW

MEMBER

! - !
STAND-BY O PERAT I NG

WATTS MI N WATTS MI N

3O 26

30 26

I

SCS
|

ORIENTATION

DATA

ATTITUDE" BITS 'TRANS-

HOLD STORED MITTED

IMINI I

WEIGHT

(LB)

75.0

30 26

30 26

105 50
T

r

105

160

0 ......

75 ......

75 ......

15 ......

160

160

160 15
il

120 1ZO

4

4

I lit

60

120

6O

1ZO
i

I0

60

3O

6O

i0

,ii

20
|i

10 60 - - 60 -

10 IZO - - 120

10 60 - - 60

160 I0 Away fr, )m earth I0

150

150

10 7 195 sec 75

160 I0 Away fri)m eartl_

I0 60 - -

I0 30 - -

600 30 Towar( _searth

600 60 Towards earth

Z00 9O

5.3 cont for

_ 14 days !

50 60

I0 i07

60

30

30

60

IZ0

195 sec

100

525

- - 16.0

12,500/; 1 sec/ 50.0
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509-31. Data Requirements Summary

ACQ

RATE

( BIT S/SEC)

ACQ

PERIOD

(MINUTES)

TAPE

EXP SPEED

FREQ (IPS)

0101, 0102 Analog 7 2/'/Days

0103, 0107 Analog 1 2/3 Days

0104 Analog 3 2/3 Days

0105 ......

0106

0108

0109, 0110

15

Analog
I

15

15

1/6 Days 15

4 2/Day

4 2/7 Days

0111 Analog 1 4/7 Days

0112 ....

0113 Analog 2 2/7 Days

0114-0120 ......

0201-0203 ......

13 03 528 60 4 flviissio n

1302 ......

07 05B 50K 10 6/Mission

1304 ......

13 06 ......

1601, 1603 ......

0501 3 Co nt - -

0801 42O 60

15

15

3-3/4

15

1/2 Days 3 =3/4

[TAPE QUANT XMSN

PER ACQ PER :TIME/MISSION

(FT) (MINUTES) REMARKS

525 28

75 9.3

225 28

.... None

150 4.7

112300

300 16

75 8

.... None

150 8

.... None

.... None

1125 8

.... Video Only

750 60

.... None

.... None

1125 14

None

Multiplex

with Other

E xps
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Figure 509-IZ. Data Processing Profiles
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Figure 509-13. Operating Power Profiles (Sheet 1 of 2)
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Table 509-3?. SPS and RGS Propellant Requirements

Number of
Experiment i Maneuvers Operations

.... |

Propellant (lb)
I

RCS PROPELLANT REQUIREMENTS

0101-0102

0801

1601-1603

1306

1304

1302-1303

0705B-1303

0705B

Spin Profile

Linear Accelerations l

Maneuvers

Att_ude-Hold

Maneuvers

Maneuvers

Maneuvers

Maneuvers

Maneuvers

Maneuvers

4

2

14

7 {hrs)

6

13

12

6

1

5

524.0

26.0

21.2

11.3

15.0

23.5

30.0

15.0

1.8

8.8

TOTAL WEIGHT 676.6

SPS PROPELLANT REQUIREMENTS

0101 10-sec firing 2 1400.0

8. CONTROLS AND DISPLAYS

Changes required to the basic configuration described under "Approach"

are the addition of a circular meter, a semicircular meter, and sequencing

s wit che s.

9. CREW FUNCTIONS

Experiment crew times are presented in Table 509-33 for this flight.

For experiments not previously discussed these crew times are shown as

specific to a crew member or as referable to any crew member. Crew

times previously discussed are shown as totals in order to arrive at a total

crew time for the flight.
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Table 509-33. Crew Times

Expe rim ent

1303

1302, 1303

0705B, 1303

0705B

1304

1304

1306

1306

1601, 1603

0801

0100-0200

0501

Specific Time (min)

C- 1 C-2 Any-C

60

120

120

10

60

30

60

10

120 120

2O

F light

Total

(hr)

4.0

2.9

3.0

2.0

4.0

2.3

114.9

0.7

TOTAL 133.8

Remarks

Primarily control and observa-

tion of deployed objects.

Rendezvous and dock

Syncom III Capture and Storage

Aurora observed via sensor

The basic systems management operations for Flight 509 are essen-

tially the same as those for Flight Z09, although divided between two rather

than three men. The experiments assigned to Flight 509 are all such as may

be carried out by two men. In general the crew operations required for

these experiments fall into three categories: initiation and activation of

object deployment, radio-astronomical technician activities, and rendezvous

and docking techniques, with some extra-vehicular activity. The rendezvous

and docking operations add some work load of navigation duties to the basic

systems management operations. The crew functions required by the

experiments are described in Table 509-34.
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Table 509-34.

Function

Crew Experiment Function Description

Des c riptio n

EXPERIMENT 0705B

Setup, periodic

Teardown, final

Pilot

Observe, direct,

non-man

Observe, display

Photo

Record

Setup, periodic

Alignment

Pilot

Observe, direct,

non-man

Observe, display

Extend and vary angle of antennas by
inflation controls

Discard antennas

Attitude control for selection of area of

survey and for stabilization during

antenna tuning

Visual observation of deployment and

separation

Monitor antenna angle, and reception

displays

Photography of deployment, lengthening,

and angle

Log visual observations and displayed
data

EXPERIMENT 0801

Checkout equipment

Align equipment via optical and other
devices

Control attitude orientation and attitude

hold during observation

Observation visual selection and

observation of auroral events

Monitor equipment operation and

displayed data
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TabLe 509-34. Crew Experiment Function Description (Cont)

Function De s c ription

Process

Record

Observe, display

Photo

Direct transmit

Record

Selective interpretation of data

Log data and observations

EXPERIMENT 1302

Monitor pressurization and other

possible indicators of structure status

Photo, TV coverage of deployment and

status of structure

Open wire communication between

members and ground

Log-record observations and data

readouts

EXPERIMENT 1303

Setup, initial

Setup, periodic

Pilot

Observe, direct,

non-man

Observe, display

Photo

Record

Inflate, checkout balloon and sensors;

deploy balloon

Reel in, redeploy balloon

Control spacecraft attitude during

deployment and reel-in and observation

period

Observe deployment and balloon sensor

data

Monitor spacecraft attitude and balloon

sensor data

Photograph deployment and reel-in;

balloon status

Log attitude observations, balloon

sensor data, other observations
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Table 509- 34. Crew Experiment Function Description (Cont)

Function De sc ription

EXPERIMENT 1304

Setup, initial

Teardown, final

Pilot

Ob se rye

Photo

Deploy and inflate sphere; check out

sphere attitude control

Disengage sphere

Spacecraft orientation for sphere

deployment and observation; sphere

attitude control via rf link

Optical observation of sphere attitude

and position

Photo record of sphere deployment,

inflation and status

Record Log observations and optical data

EXPERIMENT 1306

Setup, initial

Setup, periodic

Align

Pilot

Observe, direct,

non-man

Observe, display

Deploy and inflate antenna; deploy TV

camera on arm; both by control-

display panel

Position antenna; position TV camera

Compare TV alignment with antenna

alignment to ground areas. Maintain

fine boresight by transmission to ground

and comparison with up-link data display

Roll spacecraft

Observe deployment and photogram-

metric characteristics of antenna via TV

Monitor frequency, impedance, power

variables, etc. via display panel
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Flight 509

Crew Experiment Function Description (Cont)

Function De sc ription

Direct transmit

Record

Coordinate tests with ground station and

comment on deployment

Log observations, especially TV photo-

grammetric, and display ratings

EXPERIMENT 1601

Observe, direct,

non-man

Observe, display

Pilot

Process data

Photo

Direct, transmit

Record

EXPERIMENT 1603

Direct visual and optical observation of

satellite consequent upon rendezvous,

dock, despin, release

Monitor flight displays, sensor displays,

computer readouts

Control manually in three axes and AV;

visual judgment of closure rate

Enter data into computer; compute by

slide rule relevant rendezvous, dock,

and satellite spin parameters

Cover procedures with photo and TV

Open-line communication between crew

and ground

Log observations and test evaluations

Setup, initial

Pilot

Special equipment-

operation

Don suits and pressurize, depressurize

cabin, remove hatch; check out and

deploy capture device

Rendezvous to capture distance of

syncom, stabilize attitude

Utilize capture device and pull in

syncom; remove antenna and place

shaped charge; deploy syncom; fire

charge; bring in syncom
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Flight 509

Table 509-34. Crew Experiment Function Description (Cont)

Function

Teardown, final

T ransm it

Record

Description

Store syncom; replace hatch; pressurize

cabin; doff space suits

Open-line communication between crew

and ground

Log observations

10. SUMMARY OF MISSION ACCOMPLISHMENT

Acquisition and tracking of the nonmaneuvering Syncom III will precede

a rendezvous and docking operation. In order to provide adequate space in

the command module for stowage of the captured satellite, one crewman must

be deleted from this flight. The Syncom will also be dismantled as may be

necessary for the return flight.

Biomedical experiments require four spacecraft spin-ups. One of

these spin-ups will be deleted in order to remain with in RCS propellant

capacities. Additional power capability, in the form of batteries stored in

the rack, will be required in order to achieve the proposed flight duration.

Numerous external sensors and structural extensions will be tested

on this mission. These will include the deployment of rf reflective struc-

tures (50-foot diameter sphere), an extension rod to capture the Syncom III,

a solar sail and a 30-foot erectable antenna. Sensors include equipment

necessary for observing aurora. Auroral observations are scheduled once

per day on the night side of an orbit.

123 - _ -lrll_ril_l * "
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FLIGHT 215: REMOTE EARTH SENSING

AND SYSTEM TECHNOLOGY

1. EXPERIMENTAL PROGRAM

Flight 215 will be placed in a 200 nmi orbit at an inclination of 50

degrees. This will provide additional surface coverage for the mapping

system experiment. Three menwill be carried for 14 days. Experiments

will consist of the following:

Standard Group

0101-0120 Biomedical Series

0201-0203 Behavioral Series

0501 Radiation Environ_rnent Monitoring

Mission Group

0301 Artificial Gravity by Rotating Station (Limited test

of mechanism only)

0901 Multispectral Target Characteristics

0902 Synoptic Earth Mapping

2. MISSION OBJECTIVE

The objectives of this flight are to further evaluate and test the earth

sensing equipment and techniques in a 50-degree inclination orbit. This will

provide variation in target availability and equipment operating cycles, and

test the mechanism of providing artificial gravity by rotating the spacecraft.

Observations will be made of agricultural, forestry, geological, oceanographi-

cal and geographical ground-truth sites as well as selected uncharted regions.

The first test .of use of the S-IVB as a counterweight in a rotating artificial

gravity system will be conducted.

The first day in orbit will be concerned with testing the deployment,

spin-up, de-spin, and retraction of the artificial G mechanism between the

spacecraft and the S-IVB. This test extends from the second through the
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twelfth orbit; it is planned that the increase and decrease of "G" shall be

gradual. Details of G levels for orbit sequence are as follows: i/6G

will be maintained for the first three orbits; 0.6 G for two orbits; ) G for

one orbit; 0; 6 G fo_ two orbits; and 1/(_ C, fol- threa n_-bits: Ras11!ts _f this

test will be applicable to the 45-day artificial G experiment of the subsequent

Flight 221.

The remainder of the flight is to be devoted to mapping and observation

of the Earth's surface. This flight is orbital at an inclination of 50 degrees;

consequently, coverage of the Earth will differ from that of the polar

orbit stipulated in Flight 507. Nevertheless, correlation between data

collected during both missions should be possible.

During this mission, stereocartographic photos of Z0-foot resolution

will be taken in such a way to facilitate the preparationoftopographic maps of

the desired height resolution. Simultaneously, multicolor photography of

coarser resolution will permit reconstitution of subsequent full-color and

modified false-color photographs. During the mapping periods, additional

_-_ VHF pulsesE_ _,_surface _" __ _ _÷; _ ,_,**,._..... acre ...... s will be obtained by broad _'_

which will indicate surface moisture condition. Passive reception of the

Earth's microwave emission will be accomplished with a radiometer.

In addition, the surface will be examined with a high-re solution

multispectral sensor, its infrared images and spectra will be recorded, and

microwave imaging data acquired. The multispectral examination, utilizing

a 16-inch telescope for high resolution, will record images at selected

points in the ultraviolet to infrared spectrum range. Spectra of selected

targets may also be collected through this sensor. The crew's task will be

to point the vehicle and/or sensor to see the desired targets adequately. In

addition, images of the same surface area in the infrared and microwave

regions of the spectrum will be gathered by an appropriate passive imaging

sensor.

The photomapping experiment requires that the camera be directed

vertically downward at all times, and spectral measurements will be also

made on targets along or near the ground trace.

Independent gimbaling systems will be required to perform the Synoptic

Earth Mapping experiment and the Spectral Measurements experiment

simultaneously. This will permit adjustment of vehicle attitude to accom-

modate spectrometer sensors while the photomapping experiment is in

progress or vice-versa.

The biomedical, behavioral and radiation monitoring experimental

program will continue as in previous flights. The emphasis will continue

- 126 -

SID 65-500- 2A



SPACE and INFORMATION SYSTEMS DIVISION

F!ight Z 15

to be on psychophysiological relationships and countermeasures. At this

point the precursors to impairment should be identified, also, the mechanisms

that underlie observed changes as well as prediction of rate of change over

L£112_ W£11 L UL._L_ _,.,U.

Special Interface Problems :

The experiment 0301, Artificial G by Station Rotation, must be

performed by separating the CSM and rack from the S-IVB stage by extendable

devices capable of carrying end and torsion loads. Rotation of this configura-

tion about its center of rotation is necessary to develop the required

gravitational forces in the CSM rack. The tubes must be capable of resisting

compression forces, but tension cables may also be required between the

modules. These cables will resist bending couples carried by the firing of

the SM Reaction Control System engines when initiating system rotation.

3. BASIC EXPERIMENT REQUIREMENTS

The weight, volume, crew time, electrical power system (EPS) and

reaction control system (RCS) requirements are tabulated in Table Z15-35.

4. CONDENSED MISSION/EXPERIMENT CHARACTERISTICS

Pertinent parameters of the experiments carried on this mission are

shown in Table 215-36. This data formed the basic input to the automatic

experiment scheduling program. Reference may be made to paragraph 4,

Flight 209, for detailed description of the parameters presented in the table.

5. DATA MANAGEMENT REQUIREMENTS

As indicated in Table 215-37,experiments 0901 and 0902 will be

conducted simultaneously at a total data acquisition rate of I137 bits per

second for a period of 45 minutes. This period will be repeated eight times

per day. The standardized data management subsystem described in

Section 2, Approach, will readily process this data in the low bit rate mode

at record tape speed of 3-3/4 ips with a tape accumulation of 843.8 feet per

data acquisition period. During transmission of this data to Earth, the tape

playback speed will be 120 ips--requiring a total mission transmission

period of 157.5 minutes for these two experiments. The balance of the

experiments listed will be processed by the standardized data management

subsystem and recorded at 15 ips tape speed. Total transmission time

required for all experiments selected for Flight 215 is 420.2 minutes for the

14-day mission, or an average of 30 minutes per day.
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! INT G.! EXP.
NO. NO.

I

010261 OiOl.Oio2

010252 0101,0102

010243 0101,0102

010361. 0103r0107

010352 0103.0107

010343 DI03,0107

010461 D104

010452 )104

010443 D104

o].QS l olo5

[010652 DI06
i

010843 DI08
t

1010961 DIO_,OIIO

010952 DI09,0110

010943 DI09,0110

011161 )iii

011152 )III

011143 DIll

011261 DII2
|

011252 3112

011243 3112

011361:0113
i

011352 0113

011343 0113

011307 0113

011407 0114

011501 0115

011502 0115

011503 0115

O11652 0116

011761 0117

011752 0117

011743 0117

511761 0117

1511752 0117

_511743 0117

_011807 0118

511807 0118

! Pro-1
ORITY

1141
1142

1143

1001

1002

1003

1021

1022

1023

1151

1011

1031

104I

104Z

1043

llll

lllZ

lll3

1044

1045

1046

I121
t

1122

I12.3

1124

1131

1161

1162

1163

1171

1051

1052

1053

1055

1056

1057

1054

1058

FREQ

i/7 Days

1/7 Days

I/7 Days

I/3 Days

I/3 Days

1/3 Days

i/3 Days

1/3 Days

1/3 Days

1/7 Days

i/6 Days

Z/I Days

1/7 Days

1/7 Days

I/7 Days

2/7 Days

Z/7 Days

2/7 Days

1/7 Days

I/7 Days

1/7 Days

I/7 Days

1/7 Days

1/7 Days

1/7 Days

2/7 Days

3/Mission

3/Mission
3/Mission

1,/Mission

I/Z Days

I/2 Day_

I/2 Days

1/7 Days

1/7 Days

1/7 Days

1/2 Days

1/7 Days

#I

I

4O

50

20

I0

35

15

5

40

I0

5

5

CkEW T ! ME- i
II •

//2 #3
i

40

40

MINUTES i
ANY

CREW

MEMBER

4O

4O
l

50

50

20

POWER

STAND-BY

WATTS MIN

OPERATING

WATTS MIN

40 30

40 30

J SCS
ORIENTATION

II

DATA

ATTITUDE BITS

HOLD STORED

(MIN)

* 7 min A

TRANS-

MITTED

7 mi_

JWEIGHTI STOREI

(LB) VOLU_

CU. FT

* 7 minA 7 mi_
7.0 0.6

40

50

50

50

20

20

40 30

6 40

6 40

* 7 min A 7 mi_ -

- 1 minA 1 min 33.6

6 40
[

6 15

1 min A 1 min -

1 min A 1 min -

3 minA 3 min 5.0

6 15 - 3 min A 3: min

20 20

8O

30 30

6 15

25 60

- 3 min A 3 min

8 30

- 473

- 2 min A 2 min

25 5

35

35

35

35

35

5 15

56 I0

56 i0

56 i0

4 min A 4 min 3.0

4 minA 4 min 30.0

4 minA ,,A4 min

4 min A 4 min

0.2

15

5

40

10

160

15

15

15 15

5

5

5 5

40

4O

40 40

60

l0

30

5

I0

15 5

15 5

15 5

I0 5
I

I0 5

10 5

5 40

5 40

5 120

5 60

4.5 I0 - - -

I I0 - -

I I0 - - "_

1 I0 - -

1 minA 1 min 3.2

1 min A 1 min

il min A 1 rain

I

36.8

Z minA Z min 0.6

Z min A 2 min -

Z min A Z min

0.5

0.0

2.i

0.0

0.2

5 160 ..... 47.9 Z .0

5 5

5 5

5

5 5

5 5

23

23

10 15

I0 15
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Table 215-36. Flight 215 Experiment Parameters (Sheet 1 of 2)

REMARKS
I ! •

I !

I

"0 RP]_, 3 RPII,I/6 RPI_, 9 RPI_

AAlso real tim; TV or :ine-carr

i, 3 KP]

25 min/

jl'_ 0 _nl Fire SPS

exp

Lab work for 0113

-I .!
Schedule on 3 successive days/

Minimum rotation J

Sched lle durir g 1st Z c ays only

Schedule during 1st Z days only
1 • !

: Schedule during 1st Z days only

Schedule during 1st Z days only
- | i I | m

Start 7 days after 011761
|

Start _ days after 011752.

" Start 7 days after 011743

Schedule during 1st 2 d_ays " only,

Start 7 days after 011867
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INTEG.I EXP,
NO. NO.

I

011907

511907

011207

511207

611207

FREE Z

020161

020152

020143

520161

520152

520143

020261

020252

020243

020361

020352

020343

520361

520352

520343

090107
i

590107

790197

030177

050101

050102

050103

0119

0119

0120

OIZO

OlZO

'_R (LYC

0201
|

0201
i

OZOl

0201

0201

0201

0202
i

0202

0202
i

0203

0Z03

0203

0203

0203

0203
i

0901,

0901 r

0901 r

0301

0501

0501

0501

2

2

2

PRI-

ORIT'_

1061

1062

1071

1072

1073

_HILI

1091

i092

1093

1094

1095

1096

1081

1082

1083

1102

1103
i

1104

1105

1106

i

33

34
1

35

32

1191

1192

1193
i

i

FREQ

1/7 Days

1/14 Days

1 Da_

1/14 Days

:ER) AND

#I

;FRIG

#2 #3 ANY

CREW

MEMBER

30

20

20

20

FOR A1,0VE

I/6 Da, 82 33

1/6 Da_ 82 33

1/6 Da_ 82 33

1/6 Days 32 8

1/6 Da 32 8

1/6 Da 32 8

1/3 Da 63 14

1/3 Days 63 14

1/3 Da' 63 14

1/6 Da" I00 i

1/6 Da' I00

1/6 Days I00

1/6 Da" 40 I

I/6 Days

1/4 Orbits

1/4 Orbits

POW ER

' ! iSTAND-BY O PERAT ING

WATTS MIN WATTS MIN

SCS
I

ORIENTATION

1 HOLD

DATA

BITS TRANS-
MITTED

WEIGHT

1 / 1 Orbit

I0 3O

I0 15

I0 15

I0 15

1/3 Da

1/3 Da-

1/3 Da"

50 Cont.

30 26 75.0

3O 26

30 26

30 26

4O

3O 26

30 26

105 5O

105 50

lO5 50
160 75

160 75

160 75

160 15

4O

160 15

160 15

I0 360 45 s earth 45 2 51 sec 2953

10

10

360 45 earth 45 2 51 sec

Cont

for

orbit

I sec 50

/

(



i

_LUME!

• FT. _

Schedu;Start 7

i
T

i

.13

e durin_

days aftq

I

1st 2 da

;r 01190

Cs only

in miss] ons less

.............. . .. ._B*_ i I"NI %,,,,,. ¢_'DA dr'.l_- ,.,a
.*._ v= ............................

Table 2 1 5- 36.

REMARKS

Flight 215

Flight 215 Experiment Parameters (Sheet 2 of 2)

Schedu e 3 day., after 02 0161

Schedu e 3 days after 02 0152

Schedu e 3 days after 02 0143

Schedu: e 3 darts after 02 D361

Schedue 3 days after 02D352

Schedul e 3 days after 02 3343

Scheglu ,e dav si,le of orbit startir g with 2 Ld day Peak Power ,, 460W

Schedu e durin_ night si Le of san.e orbit .s 09010 T is scheduled Peak Power 460W

For i l Sec

For 1 Sec

Schedule 1st day only
I ,,,

- 131,132 -

SID 65-500-2A



NORTH AMERICAN AVIATION, INC.

a _i,,i -- AI
--_lJIli I L--II I I/--"L

Table 215-37. Data

ACQ

RATE

(BITS/SEC)

ACQ

PERIOD

(MINU TES)

EXP

FREQ

0101, 0102 Analog 7 3/7 Days

0103, 0107 Analog 1 1/Day

0104 Analog 3 1/Day

0105 ......

0106 Analog 2 1/6 Days

0108 4 2/D ays

0109, 0110

0111

4 3/7 Days

1

i
Analog 6/7 Days

0112 ......

0113 Analog 2 3/7 Days

0114, 0121 ......

0201, 0203 ......

0901, 0902 1137 45 8/Day

0301 --

0501 3 Cont

5I_ACE and ] NFOR,_,IATI()N SYSTENI,'q DIVISION

4. -L4- ")F11g._ _1_

Requirements Summary

TAPE

SPEED

(lps)

15

15

15

15

T
15

15

3-3/4

TAPE QUANT XMSN

PER ACQ PER TIME/MISSION

(FT) (MINUTES) REMARKS

525 42

75 14

225 42

_ _ None

150 4.7

300 112

300 24

75 12

None

150 12

None

None

843. 8 157.5

None

Multiplexed

with Other

Exper
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6. POWER PROFILES

SP, A.CE and !NF()R_d_TION SYSTEMS DIVISION

Flight __,5

Figure Z15.14 contains the operating power profile for each experimental

task that has not appeared in a p.,-_v.c,i_stl-_.+

7. REACTION CONTROL SYSTEM AND SERVICE PROPULSION SYSTEM

REQUIREMENTS

The required propellant expenditures for the experiments conducted

on this flight are listed in Table Z15-38.

8. CONTROLS AND DISPLAYS

The integrated control and display panel will be modified by adding

a circular indicator, additional toggle switches, and six additional status
indic ato r s.

6O

4O

20

0

VOICE COMMU N ICATIONS (2//DAY)

EXPERIMENT 0301

1 t 1 t l
20 40 60 80 100 120

MINUTES

Figure 215-14. Operating Power Profile

• v • _. . "
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Table 215-38. SPS and RCS Propellant Requirements

Flight 215

| Number
Experiment Maneuver Operations Propellant (Ib)

I

RCS REQUIREMENTS

3901N-0902N

3101-0102

Attitude hold

Maneuver s

Spin profile

Linear acceleration

78 (hr)

62

6

2

1

191

93

118

26

33 01 Artificial G 78 9

TOTAL WEIGHT 121 7

SPS REQUIREMENTS

Linear acceleration 2 1400
101

9. CREW FUNCTIONS

Experiment 0301 requires a cooperative effort of any two crew members

for 10 minutes to initiate and terminate artificial gravity, i.e., spinning.

Spinning will require a total of four hours time during the flight. Other flight

experiment times, previously enumerated, are:

0100-200 155.8 hours

0501 1.0 hour

0901, 2 20. 0 hours

Total scheduled crew experiment time for the mission is 180.8 hours.

This flight resembles Flight 209 in the basic systems management

requirements. However, the introduction of spinning may complicate systems

management activities either in scheduling or performance; this factor may

also have a direct and/or indirect effect upon personal functions. Generally,

the experiment 0301 introduced on this flight requires the crew to initiate and

terminate spinning and to observe the effects thereof upon their own status.

The spinning effect may interact with crew performance of medical and

behavioral experiments. Table 215-39 summarizes the crew operations for

Experiment 0301.
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Table 215-39. Crew Experiment Function Description

I Function I De scription

EXPERIMENT 0301

Set-up, initial

Tear down, final

Pilot

Observe, self

,Observe, other

Observe, direct,

)e rs onnel

Dbserve, display

Subject

Photo, etc.

Direct transmit

Record

non-

Assume seat and other restraints (all),

release clamps, initiate extension by

activating servo-motor or spacecraft

propulsion (1); release restraints (all)

Assume seat and other restraints (all);

separate from rods and S-IVB (1); release

restraints (all). Store film for Earth

return (1 )

Assume seat and other restraints (all); ini-

tiate spin and monitor build-up (1); de-spin

and monitor de-spin (1); release restraints

(all)

Self-observation of spin effects

Observation of effects on other crew members

Direct or optical device observation of

extension and status of rods

Periodic monitoring of spin and equipment

parameters as displayed on panel

Cooperation with observation by others

Camera and TV coverage of deployment and

separation status

Real time commentary on deployment, spin,

de-spin and other critical events

Log book recording of observations

I0. SIJMMARY OF MISSION ACCOMPLISHMENT

The Earth mapping and sensing experiments scheduled for every

fourth orbit on this mission will provide a wide range of data from orbits

of high inclination. With this in mind, a 50-degree orbit was selected.

136 -
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Mapping experiments are initiated on the second day. This will permit

testing the artificial gravity experiment on the first day of the mission. Since

the artificial gravity experiment requires rotation of the spacecraft, it may

not be conducted sin-,uitaneousiy with the mapping experimenLs v.,hic}: r_quire

a stable vehicle attitude.

In order to reduce weight, all spin-ups required for experiments
0101 and 0102 have been deleted. Linear accelerations have also been

deleted to minimize propellant weight. Additional weight saving may be

derived by deleting batteries from the rack; however, this will occasion

an associated reduction in mission duration. This loss in mission duration

may be minimized if a lower inclination (lower than 50 degrees)orbit is

selected.

- 137 -

SID 65-500- 2A



J

_F'ACE - i-.d I N_On_..,% .... _ ......... D! 'lm_vnv'J
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F T T_,HT 5 ! 3: ADVANCED SPACE MANEUVERS AND OBSERVATION

l. EXPERIMENTAL PROGRAM

Flight 513 will be placed in a 200-nautical-mile orbit at an inclination

of 81.5 degrees, coplanar with the Echo II satellite. A change to approxi-

mately a 630-nautical-mile orbit will be undertaken late in the mission to

observe Echo If. Three men will be carried on the flight for 14 days.

Experiments will consist of the following:

Standard Group

0101-0121 Biomedical Series

0Z01-0Z03 Behavioral Series

Mission Group

0502

0503

1507

0802A

0802B

Study of Magnetic Field Lines

Generation and Analysis of Comet-Like
Particulate Clouds

Extravehicular Assembly Operations

Operation of High-Resolution Infrared Radiometer

(HRIR) Detectors Experiment

Test of an Infrared Scanning Spectrometer

0802C Test Calibration and Evaluation of a Microwave

Spectr ometer

0802D Test of a Prototype Star-Tracker

2. MISSION OBJECTIVE

Flight 513 is the first flight on which scientific investigations and

observations or development of sensing equipment for such observations

will play a major role in determining overall mission objectives. Never-

theless, the primary objective remains operational rather than scientific.

Complex extra-vehicular tasks will be continued and will be based on exPe-

rience gained during earlier flights, particularly Flight 209. A major flight

profile advance will be involved in achieving an 81.5-degree orbit (coplanar
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with the Echo II satellite) and a late-mission orbital deviation to an elliptical

profile allowing maximum operation in the vicinity of the orbiting Echo II

satellite (about 630 nautical miles).

Secondary objectives include a series of studies of the space environ-

ment, involving radiation, magnetic fields, and the spectral nature of

artificially generated particle clouds.

The biomedical experimentation for this flight will be less broad in

scope than in earlier flights. Operational human experimentation will be

emphasized. Extra-vehicular assembly operations will be studies involving

safety monitoring as well as technique assessment. There also will be

studies that involve the measurement of human performance associated with

complex maneuver operations.

Experiment 0502 is devoted to injecting packets of electrons into the

Earth's magnetic field when the auroral impact of these discharge at the con-

jugate points may be observed by ground station. This experiment requires

a near-polar inclination for the orbit to cross all field lines and permit elec-

tron injection at specific locations. Data collection for the magnetic field in

Experiment 0502 will be made from ground observation stations.

Another scientific investigation, Experiment 0503, is concerned with

expelling clouds of chemical particles from the spacecraft and observing the

growth and dissipation of the cloud and its chemical changes by means of

direct photography and reflected sunlight spectra.

The evaluation of various methods of handling and assembly of struc-

tures, tanks, and mechanisms in extra-vehicular operations is the subject

of Experiment 1507. Various task boards, sets of structural members,

plumbing, tankage, and sets of special tools will be used by the test subject

to determine the problem that may develop in actual operational use of these

assembly techniques in space.

The spacecraft will initially be placed in a 81.5-degree, 200-nautical-

miie orbit. The extra-vehicular assembly operations experiment must be

performed at this low altitude to minimize the radiation hazards to the astro-

nauts when they are outside the vehicle. This experiment will be modified

somewhat to fit the mission. Its requirement for 13 operational periods 48

hours apart cannot be satisfied in the 14-day mission. Either the number of

operational periods must be lowered or the interval between them shortened.

Extra-vehicular activity data in Experiment 1507 will be in the form of photos

and comments on the actual test assembly operation.
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Experimental products of the Earth sensing series (Experiments

0802A, 0802B, 0802C, and 080ZD)will be performance records, comments,

- - • _-,1o ,,¢ +_,= expe,-i*_nontzl devices under test. Correla-ana pnotograplnc .............. _ ..........

tion between the various test sensors while viewing the same area of the

Earth's surface will be an important result.

A star tracker (Experiment 080ZA) will accurately determine the

refraction of stellar images as the star occult through the visible atmos-

pheric bank. Two scanning spectrometers, one IR and the other the micro-

wave (Experiments 0802C and 080ZD), will procure spectral distributions of

radiation from various points on the Earth's surface in certain frequency bands.

An IR radiometer (Experiment 0802B) will generate IR emission data that

can be correlated with photos and can be reconstituted into cloud cover images.

At the end of this mission, it is expected that a flyby of the Echo II

balioon may be made so that photos can be taken of its physical condition

and correlation made with simuitaneous Earth-based radar reflection data.

The design of the mission orbit inclination and launch data will be such that

minimum orbital changes will be required for the task. Echo II observations

wilI be in the form of photos and ground-based rf reflectivity tests. The

command-service module (CSM) will separate from the rack and the SPS

wilI be used to establish an elliptic orbit. The CSM will achieve an apogee

aititude of 630 nautical miles approximating the orbit altitude of the Echo II

satellite. At apogee, another SPS maneuver will be made to affect a gross

rendezvous with the satellite so that photographs may be taken.

A short time later, the SPS will again be used to initiate a Hohmann

transfer to an orbit altitude below the high radiation areas. This low-altitude

orbit will be maintained until recovery can be initiated.

Special interface problems encountered during the experiments are as

follow s:

Experiment 0802A--IR Radiometer: This experiment requires a

Dewar for cryogenic supply. The radiometer can be mounted in an

open unpressurized bay of the rack and must point towards Earth.

A CRT and still camera which operate in conjunction with the Earth

survey viewfinder are required.

Experiment 0802B--IR Spectrometer: This experiment is also stored

in an open bay of the rack and must point to Earth. The CRT is used

for display.
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Experiment 0802C--Microwave Spectrometer: This experiment requires

three antennas that are mounted externally. Astronauts must have a view

either the spacecraft window or by using the Earth survey viewfinder.

This device is a telescope that can be used by the astronaut

directly or in conjunction with a still camera. To minimize RF losses,

it is essential that the spectrometer be located adjacent to the antennas.

Experiment 0802D--Star Tracker: This experiment requires a gyro-

stabilized stable platform. The star trackers must be oriented towards

the target star and the reference star, and its view must be unobstructed

by other experiments.

Experiment 0502, Study of Masnetic Field Lines: This experiment

requires a gimbaled electron beam gun that must be attached to the air

lock wall. Controls for this device must go through the air lock wall

and are to be operated by the astronaut inside. A magnetometer must
be extended.

Experiment 0503, Cloud Generation: This experiment requires a chem-

ical dispersing system that will expel the chemicals into free space so

they may be observed from a distance. It is important that these chem-

icals are not dispersed too close to the spacecraft, because incorrect

readings may result due to spacecraft coating.

Experiment 1507, EVA Assembly Operation: All equipment used in this

experiment must be easily accessible to the astronaut in the rack, and

the external experiment must be visible to another astronaut.

Experiment 1602: This experiment must take place after the rack is

jettisoned, prior to orbit change.

3. BASIC EXPERIMENT REQUIREMENTS

The weight, volume, crew time, Electrical Power System (EPS), and

Stabilization Control System (SCS) requirements are summarized in

Table 513-40.

4. CONDENSED MISSION/EXPERIMENT CHARACTERISTICS

Table 513-41 lists the most pertinent characteristics of the experiments

carried on the flight from the standpoint of experiment scheduling. Reference

should be made to Flight 209 for explanations of the meanings of the various

parameters.
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5. DATA MANAGEMENT REQUIREMENTS

As indicated in Table 513-4Z, Experiment 1507 will require transmission

of real time TV. Expern_ents 0802A-D, 0502, and 0503 all have acquisition

data rates less than 1600 bits per second and therefore can be processed in the

lowbitrate mode of the standardized data management subsystem described

in this volume in Approach. The data for these experiments will

be recorded at the 3-3/4 ipstape speed and played back at 120 ips for trans-

mission to Earth. The balance of the experiments listed will be processed

by the standardized data management system. Total transmission time

required for all analog and digital measurements of experiments for Flight

513 is 357.3 minutes for the 14-day mission or an average of 25.5 minutes

per day.

Profiles for data management requirements for the pertinent technical

experiments on this flight are shown in Figure 513-15. Additional

data management profiles for the biomedical/behavioral experiments

may be found under Flight 209.

6. POWER PROFILES

Figure 513-16 contains the operating power profile for

each experimental task that has not appeared in a previous flight.

7. P_EACTION CONTROL SYSTEM AND SERVICE PROPULSION SYSTEM
REQUIREMENTS

The required expenditure of propellants for attitude hold and space

maneuvering is shown in Table 513-43 for the experiments concerned.

8. CONTROLS AND DISPLAYS

The integrated display and control panel is modified by deleting the

digital readout component which is not required for this mission.

9. CREW FUNCTIONS

Crew operation times for this flight are summarized in Table 513-44,

for individual test sessions with reference to crew times specific to a given

crew member and crew times referable to any crew member. Total crew
times for the mission also are indicated.

System management operations on this flight are essentially the same

as those for Flight 209. A number of new experiments introduced for Flight

513 involve the following general crew function emphasis. The Experiment

0500 series center around crew observation of artificially induced extended

particles and clouds. The Experiment 0800 series emphasize observation

- 143- WY_
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i !NTEG. EXP. I PRI- I FREQ
NO. NO. ORITY

I

011907 o119
511907 0119

011207 olzo

511207 0120

611207 0120

1061 I/Z Days

1062 I/7 Days

I071 1/14 Days

1072 1/14 Days

1073 1/14 Days

#I

CREW TIME,

//2

MINUT ,ES)

#3 ANY

CREW

MEMBER

3O

L"

POWER
I

STAND-BY OPERATING
l scs

ORIENTATION
I •

ATTITUDE

HOLDWATTS MIN WATTS MIN

10 30

(MIN 1

DATA
|

BITS TRANS-

STORED MITTED

30

20

20

: 20

10 30

10 15

10 15

I0 15

[WEIGHT
(LB)

I

FREEZ ER (LYC

020161 0201

020152 0Z01

020143 0Z01

520161 0201

520152 0201

520143 0Z01

020261 0202

020252 0202

020243 0202

O20361 0203

020352 0203

020343 0203

520361 0203

520352 0203

520343 0203

05010'1 0501
I

050102 0501

050103 0501

080207 080ZA

580207 0802B
l

680207 080ZC

780207 030ZD

050207 0502

050307 0503

Ii

PHILI 5ER} AND R EFRIG ER.ATOI FOR AI 3OVE E) PER/ME NTS

1091 1/6 Days 82

1092 1/6 Days 82
i l

1093 I/6 Days 82

1094 I'/6 Days 32
i

1095 1/6 Days 32

1096 I/6 Days 32
I1081 /3 Days 63

1082 I/3 Days 63

1083 1/3 Days 63

II01 1/6 Days I00

1102 i/6 Days, I00

'1103 1L/6 Days 100
i

1104 1/6 Days 40
I'1105 /6 Days 40

1106 I/6,Days ,40

4
T

42 1/3 Days

43 1/3 pays
44 1 '/3 Days

38 4/1 Day

39 6/1 Day

40 2/1 Day

41 7/Mission

36 2/I Day

37 3/Mission

50 Cont

33

33

33

8

8

8

14

14

30 26

30 26

30 26

30 26

30 26

30 26

105 50

105 50

75.0

14 i05 50

160 75

160 75

160 75

160 15

160 15

160 15

4
i

4
i

5.3 Cont for - 12, 500
i

1 Sec J 50

20

20

15

10

25

15

I0

- 14 Days

5 25

5 60

9O

20 Towar(

20 Towar(

16 Towar(

7 Towar(

200 15 _-

s Earth 20

s Earth 20

s Earth 15

Star 1

15

per

orbit
per

orbit

98

390

68

60

59

120 3.1 100 100 105
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Table 513-41. Flight 513 Experiment Parameters {Sheet 1 of 3)

:RE-/V_kRKS: _ _

I

vf, 6 RPvl, 9 RP:A, 6 RPv[, 3 RPM, 0 RPM, FireiSPS!
_ TV. or :ine-carr era for ).5 min/. xp

Lab work for 0113
| |

'-'>Schedule on 3 ' "successive day._
I I 6

. *Minimum rotation J
,|

Scheadule0- durln_ 1st Z:days onl-_

Start 7 days after 011761
• • I 1

Start 7 days after 011752

Schedule during 1st 2. idays onl_
I *., 9

Schedule during 1st 2 days only
i ! I I

Start 7 days after 011743
I

i I I r- I

Schedule during 1st Zdays onl;

Start 7 days after 011807 !
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L:

.......... i. Ii .......

INTEG. EXP, PRI- FREQ CREW TIMI:. (MINUI _b) , POWER
NO. NO. ORITY //I //2 _3 ANY STAND-BY

ii

)

150761 1507 33 2/Mission 120 ;_
L

150752 1507 34 2')Mission 120 ::_
Eg

150743 1507 35 2]Mission !20

160277 1602 32 I/Mission _

4

i

3

i

I

i t

ii

CREW
L, I" & A n I'- _"_
IVtr- IVtDEI_

120

120

120

WATTS MIN

120/120

OPERATING
WATTS MIN

i ii

SCS
!

ORIENTATION

I
350 i00

350 I00

350 i00

Towards Earth

IATTITUDE
HO LD

{MiNi
:1oo

lOO

lOO

6o

DATA WEIGHT

BITS TRANS- (LB)

STORED MITTED

I

- - 140
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i i|

i

i

L i

i i

|

i

i ,

i i

i

i|

i

I



STORED

'OLUME r,

3U. FT.

3.13

2

- ; Sched_

- Start i

t

- [
- l

4

Schedt

Schedt

Schedt

Schedu

Schedu

Schedt !

3.5
ii /

Z. 5 :'.'-See e!

te durra

days af

le 3 day!

le 3 day

le 3 day

te 3 day_

le 3 day:

le 3 day

_perime:

9.. 5 -':-"See e Cperime:

I

i st day s only

er 0119( 7

after O; 0161

after 0; 0152

after 0;:0143

after 0; 0361

after 0".0352

after 0:0343

_t
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Table 513-41. Flight 513 Experiment Parameters (Sheet 2 of 3)

_ ,REMARKS

'_r "

!
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I INTEO.I EXP. I PRI-

NO. NO. ORITY

010261 0101,0102

010252 {)101,0102
i

010243 DIOI,OIOZ

010361 D103,0107

01035Z D103,0107

010343:D103,0107

010461 0104

01O452 0104

010443 0104

010561 0105

O1O652 0106
I !

010843 0108
i|

010961 0109,0110

010952 0109,0110

010943 0109,0110

011161 0111

011152 0111

011143 0111

011261 0112

011252 0112

011243 0112

011361 Dl13

011352 {)113

011343 D'i13 '

011307 3113

011407 3114
i

011501 Dl15

O11502 )115

O115O3 )115

011652 )116

011761 0117

011752 0117

011743 0117

511761 0117

511752 0117

511743 0117

0118O7 {)118

511807 Dl18
ii

1141

1142

1143

1001

IOOZ

1003

lOZl

1022

10Z3

1151

1011

1031

1041

1042

1043

1111

1112
i

1113

1044

1045

1046

1121

1122

1123

1124

1131

1161

1162
1163

I171

1051
i

1052

i053

1055

1056

1057

1054

1058

FREQ

1 / 7 Days

1/7 Days

1 / 7 Days

1/3 Days

1/3 Days

1/3 Days

1/3 Days

1/3 Days
I

1/3 Days '

1 / 7 Days

1/6 Days ,'
,2/1 Darts

l/7 Days

1/7 Days

17 7 Days

2)7 Days
2/7 Days

I

2/7 Days

1/7 Days

1/7 Days

1 / 7 DaTs

1/7 Days

1/7 Da)rs

1)7 Days

177 Days

Z/7 Days

3/Mission
]1

3/Mission
[ ,

3/Mission

1/Mission
i i

I/Z Days

1/2 Days_

I/2 Days

1/7 DaYs

1/? Days

I/7 Days

1/Z Days

1/7 Days

! CREW. TIME
I

#1 #2

I

4O

40

5O

5O

Z0

20

I0

30

35

35

15

15

5

5

4O

40

I0

I0

160

5

5

5

5

40
.L

lu.

.L

5o'i'i 
i I

ZO i_
L

JE

I

25:
r L

I

35

i

15

I

.i

5
,

L

:i

40
i

ii

ii

ii

lO

i

5
i

i POWER SCS DATA WEIGHTI "I 1

ANY STAND-BY OPE TiNG ORIENTATIONATTITU BITS T NS- (LB)
CREW WATTS MIN WATTS MIN I HOLD STORED MITTED

MEMBER IMINI

40 40 30 - - * 7 min A 7 mini 7,0

40 40 30 -

40 40 30 -

* 7 rain A 7 min& -

* 7 min A 7 min& -

- 1 rain A 1 min 33.650 6 40 - -

50 6 40 - - - 1 min A 1 min -

50 6 40 - - - 1 min A 1 min -
Ii

Z0 6 15 .... 3 min A 3 min 5.0

20 6 15 - - - 3 min A 3 min -

Z0 6 15 - - - 3 min A 3 min -

80 25 60 ..... 473

30 8 30 - - - Z min A 2 min

5 5 15 - - - 4 min A 4 min 3.0

35 56 I0 - - - 4 min A 4 rain 30.0

35 56 I0 - - - 4 min A 4 min -

35 56 I0 - - - 4 min A 4 rain -

15 15 5 - - - 1 min A 1 min 3.2

15 15 5 - - - 1 rain A 1 rain -

15 15 5 - - - 1 rain A 1 rain

5 10 5 ..... 3(p,8

5 10 5 ......

5 i0 5

40 5 40

40 5 4O

40 5 120

2'min A Z min 0.6

2 min A 2 min

2 min A 2 min

6O 5 6O

i0 4.5 I0 0.5

1 I0 - - * - -

1 I0 - - * - - -
i

1 i0 - - * -. - -

30 5 160 ..... 47.9

I,,

i|

S

5

5

5

5

23

23

10

10

15

15

12.8

ST

VC

CI.



|I

_TORi-IJ

/OLUME

:U. FT._

'I
18

1.0
}
I

Schedu

Schedu

Schedu

Schedu

[e day 1

Le day 3

Le day 5

Le 14th c

and 7

and 9

and 11

ay
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Table 513-41. Flight 513 Experiment Parameters (Sheet 3 of 3)
_I I _

REMARKS

I
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Table 513-4Z. Data Requirements Summary

ACQ

RATE

(BITS/SEC)

ACQ

PERIOD

(MINUTES)

I

EXP

FREQ

0101, 0102 Analog 7 3/7 Days

0103, 0107 Analog 1 1/Day

0104 Analog 3 1/Day

0105 ......

0106 Analog 2 1/6 Days

0108 4 2/Day

3/7 Days0109, 0110 'r 4

0111 Analog 1 6}7 Days

0112 ......

0113 Analog 2 3/7 Days

0114-0121 ......

0201-0203 ......

0501 3 Cont

08 0EA

O5O2

C

35

1365

1444

160D

2O

10

15

0503

1507

1602

4/Day

6/Day

2/Day

7/Mission

100

10

120

2/Day

3/Mission

I

TAPE

SPEED

(IPS)

15

15

15

15

15

15

33/4

33/4

TAPE QUANT

PER ACQ PER

(FT)

I
XMSN

TIME/MISSION

(MINUTES) REMARKS

525 42

75 14

225 42

=- None

150 4.7

300 112

300 24

75 12

- - None

150 12

-- None

.... Multiplexed

with Other

Exper

375 35

187.5 26.2

281. 3 13.1

18.8 0.2

187.5 8.8

2250 11.3

Video &

Voice
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I tkITC_ I _¥p

i ! t
011907 0119 1061

511907 0119 1062

011207 0120 1071

511207 0120 1072

611207 0120 1073

[ PR!- l FR_O. [

ORITY

FREEZ ER (LYC PHILI

020161 0201 1091

020152 0201 1092

020143 0201 1093

520161 0201 1094

520152 0201 1095

520143 0201 1096

020261 0202 I081

020252 0202 1082

020243 0202 1083

020361 0203 1101
i

020352 0203 1102

020343 0203 1103

520361 0203 1104

520352 0203 1105

520343 0203 1106
i

1/2 Days

1/7 Days

1/14 Days

1/14 Days

1/14Days

ij

KER) AND R
!

.I

il

EFRIG EI:LATO} FOR A _OVE E]

I/6 Days 82

I/6 Days

1/6 Days
i

1/6 Days 32
l

I/6 Days

1/6 Days
1/3 Days 63

1/3 Days

1,/3 Days

1/6 Days 100
1/6 Days

i

1,/6 Days ,

1/6 Days 40
I/6 Days

1/6 Days
i

c. Ew............... II IMr i.PAINUI r-_l ...-.,.,r_r_VV rR

I •

#1 #2 ,#3 ANY STAND-BY OPERATING

CREW WATTS I MIN WATTS MIN

_'Pe I% A T A I '_A/I:: I P_ i-IT
i .3_...3 - L_lr'_ I vvL,_,,,,

ORIENI_ATION ATTITUDE BITS TRANS- (LB)
HOLD STORED MITTED

! i

050101 0501 42 1/3 Days

050102 0501 43 1/3 pays
050103 0501 44 1'/3 Days

080207 0802A 38 4/1 Day.

580207 0802B 39 6/1 Day

680207 0802C 40 2/1 Day

780207 0302D 41 7/Mission
i

050207 0502 36 2/1 Day

050307 0503 37 3/Mission
i i

/_AtM_i

I MEMBER I I i, . ','""'l] [
30 - - 10 30 ....

30 - - 10 30 .....

20 I0 15 .....

Z0 - - 10 15

Z0 - - 10 15

IPERIMI_ NTS 50 Cont

100

33 30 26

82 33

82 33

30 26

30 26

8 30 26

32 8

32 8

30 26

30 26

14 105 50

105 50

105 50

160 75

160 75

160 75

160 15

160 15

63 14

63 14

lO0

40

I

75.0

4O 160 15

4

4

5.3 Cont for - - 12,500 1 Sec 50

- 14 Days - - per per -
- orbit orbit -

20 15 5 25 20 Towar, :s Earth 20 - 98

20 10 5 60 20 Towar, s Earth 20 - 390

15 90 16 Towar, ,s Earth 15 - 68

I0 5 7 Towar, .s Star I - 60

25 200 15 -,", 15 59

120 3. 1 100 * 100 - - 105

i



. ,J -" /, . ., %,

INTEG. EXP. i PRI-

NO. NO. IOR!TY
! !

150761 1507 33

150752 1507 34

150743 1507 35

160277 1602 32

FREQ

2/Mis sion

2'/Mission

2/Mis sion

1/Mission

I

i

i

i

l

L

I

I

"I I

#i

J

120

CREW TIME (MINUTES)

#2 r #3 J ANY
1 CREW

!¥1-L ! V _,,J L I'LI

120

120 120

120 120

lzo/lzo

D/'_\ ^ I I_ D

I I

STAND-BY OPERATING
WATTS MIN WATTS MIN

!
350 100

350 100

350 100

I

| SCS I DATA.
T •

ORIENTATION ATTITUDE BITS

I

Towards Earth

ITRAM S-

WEIGHT

(LB)
HOLD STORED MITTED

IkA ! N.I_I
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and interpretatlon of spectral data. Experiment 1507 further explores man's

extra-vehicular maneuvering capability, while Experiment 1602 empasizes

his _'"_ ..... "• ±vuy inspection performance. 2-_Lt experirn--*_,,_ crew; ..... _*_,_ _ro das-

cribed or referred to m Table 5i3-43.

Table 513-43. SPS and RCS Propellant Requirements

Experiment Maneuver Operations Propellant (ib)

RCS REQUIREMENTS

0101-0102

0802

050Z

0503

1507

Spin profile

Linear accelerations

Attitude hold

Maneuvers

Maneuvers

Maneuvers

Attitude hold

Maneuvers

Attitude hold

Maneuvers

6

2

53 (hr)

343

3

28

7 (hr)

40

10 (hr)

4

516

26

72

396

4

25

6

56

7

51602

TOTAL WEIGHT i 113

0101

1602

SPS REQUIREMENTS

10-second firing 2 cycles

Rendezvous with Echo II I

1400

865O
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Table 513-44. Crew Times

Experiment

0802A

0802B

0802C

0802D

0502

0503

1507

1602

0100-0200

0501

Spec

C-1

120

120

ific Time (rnin.)

G-2 C-3 Any C

20

20

15

i0

25

120

120

120

TT".l 2 --L l-
r' I k _IJ. I.

Total

(hr) i

18.7

28.0

7.0

1.2

ll.3

6.0

24.0

4.0

155.8

1.0

Remarks

Observation and inte r-

pretation of spectral data

Ejection and observation

of particles and clouds

EVA

Flyby observation

TOTAL 257.0

Table 513-45. Crew Experiment Function Description

Function [ De scription

EXPERIMENT 0502

periodicSetup,

Pilot

Observe,

Observe,

Photo

Transmit

Record
i

direct,

di splay

non-man

Adjust accelerator, checkout, activate

Align spacecraft

Track particle with camera or radar

Monitor radar displays

Photograph auroral spot

Correlate tests with ground

Log record observations
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Crcw Experiment Function Description (Cont)

Function V)_ _r ri_t_ nn
-L- .....

EXPERIMENT 0503

Setup,

Pilot

Observe,

Observe,

Photo

Record

periodic

direct, non-man

di splay

Setup, initial

Calibrate

Pilot

Observe,

Observe,

Record

direct, non-man

di splay

Prepare cameras for observation; initiate

release of chemicals

Stabilize spacecraft

Visually observe status of cloud

Photometric data_ if displayed

Photo of cloud

Log record observations

EXPERIMENT 0802A

Initiate servomotor deployment of telescope

on platform

Check electronic display and recording by

built-in light source--probably a C-D panel

operation

Attitude hold during sequence

Visually observe deployment; boresight

acquisition of star

Monitor displayed readout of pointing direction

Log record of displayed readout

EXPERIMENT 0802B

Setup, periodic

Calibrate

Pilot

Select target and initiate measurement sequence

Periodic calibration of equipment utilizing

built-in calibration facilities

Spacecraft orientation

- 157-
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Table 513-45. Crew Experiment Function Description (Cont)

Function

Observe, direct, non-man

Observe, display

Photo

Process

Record

Description

Visual observation for target selection

Monitor and interpret CRT display

Still photos of target in conjunction with sensor

star

Data interpretation

Log record of data and interpretation

EXPERIMENT 0802C

Setup, periodic

Calibrate

Pilot

Observe,

Observe,

Photo

Process

Record

direct,

display

non-man

Select target, initiate sequence

Select source of known characteristics; cali-

brate sensor by built-in calibration equipment

with reference to calibration source. Confer

with ground support on calibration

Initial spacecraft orientation

Target selection

Monitor and interpret CRT display of spectral

data

Still photos of target in conjunction with

sensor scan

Data interpretation and evaluation

Log record of data and interpretation

EXPERIMENT 0802D

Crew operations for this experiment are simi-

lar to the experiments above but with a wider

requirement for selection of measurement

techniques and technical evaluation of data
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Table 513-45. Crew Experiment Function Description (Cont)

I
r_ _

Func Lion I _ = _ ription
I

EXPERIMENT 1507

Setup, periodic

Teardown, periodic

Apply equipment,

Observe, self

Observe, other

Subject

Photo

Record

self

EVA steps a through f, position for task and

remove or release equipn_ent to be assen_bled

EVA steps h through n

Utilize tools, etc., in assembly task

Systematic observation of own task performance

Visual and TV observation of subject

Cooperation with observer

Photo coverage of task performance

Log record of observations and evaluations

Setup, initial

Pilot

Observe, direct, non-man

EXPERIMENT 1602

Check out photo and other remote measuring

equipment; calculate flight data for flyby

Attitude orientation and AV for flyby

Direct visual and optical observation of satellite

Observe, display

Photo

Data process

Transmit

Record

Possible displayed data on satellite status

Photo of satellite

Interpretation of visual and optical data on

satellite

Voice description of observations

Log record data and observations
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i0. SUMMARY OF MISSION ACCOMPLISHMENT

This ,,,_;gsion i_ unique in that an 81.5=degree circular orbit will be

extended into an elliptical orbit (Z00-nauticai-mil_ perigee, 630-naut_.cai-

mile apogee) during the last mission day for intersection with the ]Echo [i

flight path. The mission will be designed (within transfer window limitations)

to permit maximum time within a ]- to 10-mile range of the Echo II satellite.

Radiation hazards to the crew members because of high orbital altitudes must

be considered. The initial orbit of 81. 5-degree inclination also will present

problems concerning booster impact area. A programmed yaw steering boost

phase is required.

Special consideration must be given to the G&N reliability uncertainty

in final scheduling of the mission. The extended EVA's (2 hours duration) for

each crewman twice during the flight are not expected to prove unusual pro-
blems.

Scheduled experiments include magnetic field observations, sensing

system tests, and the release of chemicals for generation of comet-like

clouds. The only deviation from the specified experimental program is the

deletion of all spin-ups required for the biomedical Experiments 0101 and

0102 caused by RCS propellant limitations.
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FLIGHT ZlS: BIOSCIENCE/PHYSiCAL bU.i_,L_,, a_ABORATORY

1. EXPERIMENTAL PROGRAM

This mission is launched to an altitude of 200 nautical miles in an

orbital inclination of 28.5 degrees. Its duration is 45 days, carrying a three-

man crew. Experiments are listed below. There was no experiments

integration by S&ID; experiments are listed for information only and to pro-

vide interface factors pertinent to Flight 219, which docks with Flight 218.

Standard Group

0101-0121 Biomedical Series

0201-0203 Behavioral Series

0501 Radiation Environment Monitoring

Mission Group

0401 Genetic Effects in Microorganisms (DNA Mutation

Rate, and Phage Production)

0204 Effects of Space on Morphology, Growth, and

Gas/Liquid Separation in Microorganisms,

Unicellular Organisms and Animal Tissue Cells

O4O3 The Effects of Weightlessness on Cardiovascular

and Respiratory Functions; Hormone, Mineral,

and Water Metabolism; ANS, CNS, and Brain

Mechanisms, Operant Behavior and Biorhythms

in the Primate

0404 Limb Regeneration and Wound Healing During

Weightlessness

0405 Effects of Drugs on Mammalian Behavior in Space

F light

O4O6 Soft Capture, Innumeration, and Identification in

Space-Borne Microorganism s
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1 5O4 Development of Personnel and Cargo Transfer

Operations

1505 Maintenance and Repair Techniques

0601 Capillarity Studies

0602A Kinetics and Dynamics of Vapor/Gas Bubbles in

Free-Fall

0602B Liquid Drop Dynamics Studies

0603A Pool Boiling in Long-Term Xero-G Environment

0603B Nucleate Condensation of Fluids in Zero Gravity

0604 Density Gradient of a Fluid at a Near-Critical State

0605 Crystallization Studies

0606 Cosmic Ray Emission

2. MISSION OBJECTIVE

This first 45-day flight has a wide variety of experimental objectives

which constitute the requirement for the establishment of a true bioscience/

physical science space laboratory. Because of the increase in duration to

45 days, and because at least one astronaut may remain on board through the

succeeding rendezvous flight, biomedical and behavioral measures again

take precedence. Also, this is the first flight of sufficient duration to include

Experiment 0121. The human experimental program will represent a com-

prehensive survey of critical functions related to prolonged space flight. The

measures will most likely be the same as those utilized in earlier flights,

but comprehensive coverage to include extension of data points is fundamental.

There will be continued study of complex task performance.

Bioscience studies will be predominantly with microorganisms, although

the effects of weightlessness on primates will also be studied. This will be

the first manned flight allowing detailed investigation of space effects on

living organisms other than man.

Experimental observations and basic studies in zero-gravity dynamics

are secondary purposes.
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Flight ) 18

The estimated weight, volume, crew time, Electrical Power System

(EPS), and Stabilization Control System (SCS) requirements are presented in

Table Z18-46.
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LABORATORY EXTENSION

1. EXPERIMENTAL PROGRAM

Flight 219 will be launched into a 200-nautical-mile, circular, Earth

orbit with an inclination of Z8.5 degrees. It will carry a three-man crew

for a scheduled 45 days. Experiments to be carried are listed below:

Standard Group

0101-0121

0201-0203

0501

Extended Group

This flight will rendezvous with Flight 218. Experiments from Flight

218 that require extended duration will be continued if operationally feasible.

New Mission Group

1407

1501

1502

1503

1504

1505

0302

Biomedical Series

B ehavio ral Series

Radiation Environment Monitoring

Performance Assessment of On-Board Guidance

and Navigation System and Components

Evaluation of Advanced Space-Suit Assemblies

Development of Manned Locomotive and

Maneuvering Capability

Emergency Techniques, Equipment, and Proce-

dures for Rescue Operations

Development of Personnel and Cargo Transfer

Operations (joint experiment with Flight 218)

Maintenance and Repair Techniques

On-Board Centrifuge (this experiment will be inte-

grated with the laboratory module configuration only)
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2. MISSION DESCRIPTION

±1_t_tv reprco_o+o a _&ajor mileo*_ ...............t_e long ter_m__prngrnm of

enhancing man's op<rationai efficiency for space flights of rnor_ _.__t<:td_d

duration, it will rendezvous with Flight 218 and will provide a means of

continuing the duration of many of the Flight 218 experiments and of one

astronaut to the 90-day level. The basic biomedical/behavioral experiments

for two of the crewn]en will continue in consonance with the program derived

from earlier flights. However, the astronaut from Flight 218 who remains

for an additional 45 days will be assessed in depth at regularly recurring

intervals on all critical physiological functions and on a comprehensive

sample of performance.

This flight will be the first in which personnel have participated in

rendezvous and crew transfer. The transfer of personnel and supplies at the

time of rendezvous with Flight 218, subsequent extended tests with tether

lines, mechanical systems, and powered AMU operations will be performed

in Experiment 1504.

A repeat of the testing of spacesuits and extravehicular operational

techniques of Experiments 1501, 1502, and 1503 from Flight 209 will be

made, as well as maintenance/repair techniques investigations (Experiment

1505) and personnel/cargo transfer operations at rendezvous (Experiment

1504).

During this mission, Experiments 1501 through 1505 are scheduled

twice with test times of 80 and 100 minutes each. Experiment 1505,

Maintenance/Repair, is scheduled additionally four more times at 30 minutes

each. Operations both inside the rack airlock and outside the vehicle are

required in order to continue the testing of advanced spacesuits, extravehi-

cular powered and unpowered movement, personnel/cargo transfer, and

in-space maintenance and repair. Two crewmen will be required in much of

the testing, one crewman outside the spacecraft and the second crewman

observing from the inside. Testing of spacesuits (Experiment 1501) will

involve manned operation of the suits in many work environments. Extended

series of extravehicular (EVA) activities will be performed in Experiment

1502, including use of a powered AMU thrusting unit. Emergency rescue,

use of inflatable airlocks, and evaluation of various failure detection devices

will be performed in Experiment 1503.

Experiment 1505 will entail the application of various tools and repair

techniques to certain maintenance task boards that contain typical equipment

in the propulsion, electrical, electronics, and stability/control categories.

The operation will be performed both inside the airlock (with and without

pressure suits) and outside the airlock.
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Test and checkout of a prototypc on-board navigation system in

Ewperiment 1407 will entail observation of landmarks and stellar objects,

o_ier, tation of the v_]_ic]e, a_-_d si_htings through the _extant or telescope.

The horizon sensor and altimeter will furnish additional data to the guidance

computer. Some degree of orbital maneuvering will enable the effects of

such motion on navigation accuracy to be evaluated. Because this mission

is a rendezvous mission, the G&l'q system experiment should be of particular

practical importance by aiding in the rendezvous as a backup to the vehicle

guidance system.

Special Interface Problems

Experiment 1407, which employs the G&N system, must be provided

with additional Earth-oriented antennas which are rotated out of the unpres-

surized area of the rack.

The basic orbital configuration for Flight 219 has the Apollo CSM

docked to the rack. However, this is a rendezvous mission and the Rack of

Flight 219 docks with Flight 218. To carry out Experiment 1504 (Personnel

and Cargo Transfer Techniques), the astronauts can either transfer from

Flight 218 to 219 through the docking hatch at the end of the rack in shirt-

sleeve conditions, or can transfer externally by using the side access doors

in the rack.

The cargo transfer portion of the experiment may be accomplished in

three ways:

I , A mechanism in the Flight 219 rack can transfer cargo from one

rack to another with an astronaut in the unpressurized portion of

each rack to operate the cargo boom and receive the cargo. This

method requires the two configurations to be physically docked.

. An alternate method of cargo transfer for the experiment may be

carried out with the two vehicles separated. A line must be

connected between the two configurations and cargo attached to the

line and transfered from one to the other using pulleys and a

driving mechanism. Again, the astronauts will be requ{red to be

in the unpressurized portion of the racks to send and receive the

cargo.

. Another method of transfer consists of having the astronaut

physically carry cargo containers from one configuration to

another externally.

The equipment required for Experiment 1505 must be stored in the

airlock and the unpressurized portion of the rack.
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3. BASIC EWPERIME "T<__ l'_ _. REQUIREMENTS

A summary of weight, volume, crew ti_e, and other requir<'ments is

presented in Table Z19-46.

4. CONDENSED MISSION/EXPERIMENT CHARACTERISTICS

Pertinent parameters of the experiments carried on this n_ission are

shown in Table 219-48. This data formed the basic input to the automatic

experiment scheduling program. Reference may be made to paragraph 4,

Flight 209, for detailed description of the parameters presented in the table.

5. DATA MANAGEMENT REQUIREMENTS

As indicated inTable Z19-49, Experiment 1407 will acquire data at the

ratio of 865 bits per second for period of 95 minutes, repeated 12 times per

mission. The standardized data management subsystem will readily process

this data in the low-bit rate mode. The balance of the experiments listed

will be managed as in Flight 209. Total transmission time for all experi-

ments of Flight 219 is 868. 8 minutes for the 45-day naission or an average

of 19. 3 minutes per day.

Figure 219-17 shows the data management profile for Experiment 1407

on this flight. For profiles of the biomedical/behaviorial experiments and

Experiments 1501, 1502, 1503, see paragraph 5, Flight 209. Other experi-

ments on this flight do not require data management

25OO

2000--

1500 --

1000--

500 --

865 BPS

[ I
I {
I {
i {
i I|

EXPERIMENT 1407

DAI"A STORAGE

70 80 90 I00 120
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Figure 219-17. Data Management Profile
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INTEG. EXP. I PRI- I FREQ

.o. .o. !

010261 310]_0102 1141 I/7 Days

010252 3101,010Z ll4Z 1/7 Days

010Zi3 0101,0102 1143 1/7 Days

010361 0103,0107 1001 1/3 Days

010352 0103.0107 100Z 1/3 Days

010343 0103.0107 I003 1/3 Days

01046i 0104 10Z1 I/3 Days

010452 0104 10ZZ 1/3 Days

010443 0104 1023 1/3 Days

010561 0105 ll51 1/7 Days
i

010652 0106 1011 1/6 Days

010843 0108 1031 Z/1 Days

010961 0109,0110 1041 1/7 Days

010952 0109,0110 1042. 1/7 Days

010943 0109,0110 1043 1/7 Days

011161 DIll iiii 2/7 Days

021152 3111 1112, Z/7 Days

011143 3111 1113 Z/7 Days

011261 3112 1044 1/7 Days

011252 3112 1045 1/7 Days
i

011243 0112 1046 1/7 Days

011361 0113 II21 i]7 Days
L

011352 0113 1122 1/7 Days

L011343 0113 1123 1/7 Days

!011307 0113 1124 I/7 Days

1011407 0114 I131 2/7 Days

011501 0115 1161 3/l_ission

011502 0115 1162 3/Mission

011503 0115 1163 3/Mission
i

011652 0116 1171 1/Mission
i i

011761 0117 i051 1/Z Days

011752 3117 I052 I/Z Days

011743 3117 1053 I/2 Davs

511761 3117 .. 1055 1/7 Days

511752 3117 1056 1/7 Days

511743 3117 1057 I/7 Days

011807 3118 1054 1/2 Days

511807 )118 1058 117 Days

#1

CREW TIME (MiNu[ES)

#2 ¶ #3 ANY

q CREW
I I

: ! I I_,=,A_=o]
• #V_LWVlUL,_

40

5O

20

10

35

STAN'D-BY

4O

5O

40

40

40 40

5O

POW ,-,_'-_'
, !

OPERATING

crc
J_,J

I

ORIENTATION

i

IAITITUDE

6,al"a

BITS

50

50 5O

20

WATTS MIN WATTS MIN

! . !
40 30

40 30

!
HO LD

_.MIN)

STORED

I
[7 min A:

7 min A!

I

I WI:IL_H I I blk.,

TRANS- (LB) VOL

MITTED CU

I
7 Min A 7.0 O.

7 Min • -

20 20

40 30 7 rain A 7 min•

30

20 20

80

30

6 40

6 40

6 40

6 15

6 15

i1 rain A 1 rain 33. 6 1.
!i min AI 1 rain

1 min A

3 min A

i min

3 min 5.0 i.

6 15

25 60

8 30

25 5 5

35 56

35 35 56

35 35 56

15 15 15

15 15 15

15 15 15

5 5 i0

5 5 10

15

I0

i0

i0

3 rain A 3 min

3 min A 3 min

Z min A 2 min

4 min A 4 min

4 min A 4 min

4 rain A 4 min

4 min A 4 min

473 9.

3.0 O.

30.0 i.

1 min A 1 rain 3.2 O.

5 5 i0

4O 40 5

I0

5 I min A I rain

1 rain A 1 rain

- 36.8 .

5

4O - Z min A Z min 0. 6 0.

40 40 5

io

160

40 - Z rain A 2 min

40 40 5 iZ0 - 2 rain A 2 rain

60 5 60

l0 4.5 I0 0.5 O.

I0

i0

i0

I0

.%-

30 5

5

5

5

160 47,.9

_5 lO 15
23 i0 15

- 12.8 °
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Q AFable 21 ,-_8. Flight 219 _xperiment Parameters (Sheet 1 of 3)

IME

FT.
!

-'k

K i.-/V_A K i(,,,b

i

Fir e SPS

! ! !! ! ! --! ! ! !
_0 RP]II, 3 RP]/I, 6 RP}i_ 9 RP]{, 6 RPlVI, 3 RP]vi', 0 RP]vi,

&Also real tim TV or :c,}ne-cat]era for 25 rain/ exp
i

i

Lab work for 0113
I I

Schedule_ on 3 successive days}*Minimum rotation

Schedule during Ist 2 days only

Schedule during Ist Z d_ays only,

Schedule during 1st Z days only

Start "7 days after 011761 "_

Start "7 day s after 0117'52
• • a

Start 7 days after 0t1743
i t --'3-

Schedule durir_g 1st Z days only

S tarti7days after 0118_07

• , ..

'It"

t

-,171,172 -
SID 65-500-ZA
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INTEG." EXP. " PRi- ' FREQ " CREW TiME
NO. NO.

!
011907 0119

511907 0119

011207 0120

511207 0120

611207 0120

012107 0121
pi,

512107 0121

612107 0121

FREEZ _R (LYO

ORITY #! #2

! . I

1061 I/Z Days

i062 I/7 Days

107 1 1/14 Days

1072 1/14 Days

1073 1/14 Days

I181 1/14 Days

1182 1/14 Days

1183 1/14 Days

PHILI _ER 1 AN D R__ F1KIG ERATOt_

(MINUTES) ' POWER

//3 ANY
!

STAND-BY

CREW WATTS MIN
iMEMBER! [

I

OPERATING
WATTS MIN

-- A_

b_.b
T

ORIENTATION
DATA i WEJGHTi STC

ATTITUDE BITS TRANS- (LB) VOI
HOLD STORED MITTED CU

30

30

20

- i0

- i0

3O

3O

i0 15

20 -- -

20 - -

35

35

i0

i0

15

15

1440

1440

19.0

FOR A/
i

35

_OVE E) PERIMK NTS

5 1440

5O Gont

020161 0201

020152 0Z01

020143 0Z01

520161 0201

520152 0201

520143 0201

020261 0202

020252 0202

020243 0202

020361 0203

020352 0203

020343 0203

520361 0203

520352 0203

52O343 0203

i

1091 i/6 Days, 82

1092 1/6 Days

1093 I/6 Days

1094 I/6 Days 32

1095 1/6 Days

1096 i'/6Days

£1081 /3 Days 63

1082 I/3 Days

1083 I/3 Days

ll01 1/6 Days I00

ii02 1/6 Days

II03 i/6 Days
t

1104 I/6 Days 40
,q

1105 1/6 Days
ii

ll06 1/6 Days

82

32

63

i00

4O

82

32

63

33

33

33

8

8

8

14

14

14

30

3O

30

30

3O

30

I05

105

I05

26

26

26

26

26

26

5O

50

50

- - - 75.0

100

160

160

160

160

16o

75

75

75

15

lq

4O 160 15

15016i1 1501,1.50;

150152_ 150311501
150143 1505

650161 1504

650152 1504

650143 1504

750161 1501,1502

750152 1503,150,

750143 1505

150501 1505

150502 1505

21 i

32 Z/Mission

33 Z/Mission

34 Z/Mission

35 2)Mission

36 2/Mission

37 Z/Mission

38 2/Mission
,n

39 Z/Mission

44 2/Mission

45 4/Mission

46 4/Mission

120

n

120

8O
i

3O

120

120

8O

3O

105

105

m

8O

12o
120

105

120

IZ0

105

8O

80

80

zoo
2O0

200

20O

200

200

200

200

200

95
95

95

95

95

95

6O

6O

6O

95

95

95

95

95

95

6O

6O

6O

r

80O

J
?

/
n

i

1}4
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 MEI
FT.]

I
I
I

I

r

Schec ule duril

Start 7 days a:

Start after 30

Schec ale 3 da

Sche6 ule 3 da

Schec ule 3 da

Sche4 ale 3 da_

Sche4 ale 3 da.

Schedule 3 da_

Tethe red

Teth¢ red

Teth, red

Boon=

Boon:

Boon:

AMU

AMU

AMU

1505 erforme

1505 | erforme

i

gist 2 cLays only

[ter 011907

days

,s after

.s after

b20161

bZ0152

's after 120143
i

s after

,s afte r

rs after

20361

20352

}20343

Schedule dav 1 &
, ¢

Schedul_ day 3 g

Schedul_ day 5 g

Schedul_ day 7 & 25

Schedu1_ day 9 g 27

Schedu1_ day II h 29

Schedul_ day 13 _ 31

Schedul_ day 15 _ 33

Schedul_ day 17 _ 35

surized mrea

NORTH AMERICAN AVIATION, INC.

vl in pre:

J in pre: surized _rea

Table 219-48.

-Dr'kA A DV(_-
i'_ L_ I v iu,-,% i_, i_ ,,,,.P

lq lq0q n, rfnrmo_ F.VA [_n._n _nr
• - _ i............. 7_-I-" _

Z1 1505 p(rformed EVA 1504 & I_=

23 1505 pc rformed EVA i i orbit

1505 pc

1505 pc

1505 ,p_

__ SPACE and INFORMATION SYSTEMS DIVISION

Flight 219

Flight 219 Experiment Parameters (Sheet 2 of 3)

i
t

o5

rformed EVA

rformed EVA

rformed EVA

k_ d k _

173, 174 - SID 65-500-2A



INTEG. EXP.

NO. NO.

! i

150503 1505

I01 0501

050102 0501

050103 0501

040207 0402

540Z07 040Z

640Z07 0402

040407 0404

540407 0404

040507 O405

040607 0406

O4O iO7 O4O 1

040307 O4O3

140707 1407

640707 1407

707 1407

840707 1407

060107 0601

560107 0601

060Z07 0602A

560Z07 060ZB

060307 0603A

560307 0603B

060407 0604

060507 0605

060607 0606

560607 0606

FREQ

4/Mission

1/3 Days

1/3 Days

1/3 Days

Z/1 Day

1/1 Day

1/1 Da,

3/Day

4/Day

8/Mission

6/Mission

3/Mission

3/Mission

3/Mis sion

3/Mission

1/2 Day

10/Mission

5/Mission

sion

1/2 Days

1/Mis sion

1/Mis sion

CREW

#2

,-n _','- c DATA WEIGHT

i ' i i 'i "ANY STAND-BY OPERATING ORIENTATION D,,Jn,"r c TI_ AIM c__, ....... (LB)

CREW M!N WATTS MIN

, MEMBER I

WATTS HOLD MITTED

4

3O

4

i

Cont

for

45

30 Cont

60 for

30 45 day:

15 5 Cont

Z0 5 Gont

45 125 Cont

15

i ..... I - I

Z, 500

)er

orbit

17

108

i0 IZ5 5 ......

i0 l0 Cont - - - 80.0

45 540 45

45 540 45

45 540 45 T

45 540 45

ZO I0 15

II 250 5

135 50 15 133 IZO

100 30 i01 15 -

i00 30 150 15 -

Toward earth 45

earth 45

earth 45

earth 45

I0

5

1Z0

15

15

ig0

350 - 160

350 - -

5O 30 I00 9O

6O

6O

iZ0

150

9O

3O

3O

40 30 ZOO IZO

350

350

5

130 3

5O 9O

5

50

I0 .I

sun 30 - - -

earth i0 days - - 5

1



I

,TORED
DLUME

,, F T
I..Ji . a , |

I

1505

- iZ ho

Pseud

Parar

0.06 4 hou

4.0

J

2.5 1

i 8 hou
I
6 hou

Sched

- Sched

- Sched

- Sched

0.05
r

0.16

0.i

0.25

0.Z

Peak

ilerforme

Lrs + 1 h _

omonas

I

d in pre_

)ur betw

_ecium

's±lho

's +2ho

's± lho

le day

11e day

11e night

11e night

nd Hela

ar betwe

urs betw

ur betwe

side orbi

side orbi

_surized

_en exp.

Zells

_n exp.

0.01

0.35

_en exp

_n exp.

± 10mi

+ I0 mi:

_rea

E. Coli

I 'lanaria

Newts

1st or} it after

in same orbit as

NORTH AMERICAN

[40707

side ortit + 10 rr 140707

side or_ it 4- 10 rrln same orbit as 640707

in)ower 2(OW 20 rr

Peak Dower I_=0W 5 ml

Peak power 2C[0W 20 rr in

Sched ale befo_ e 30th d,

Schedlle 10 d_ys after 060607

1

Table 219-48.

-REMARKS-

i
I

/"

AVIATI. ON. INC. '\

Flight _719 Experiment Pararileters to--_ . _ )

I
!
I

T '

.'_PACE and INI'OR,_tATION SYSTEMS DIVISION

Flight Z 19

l
, |

:./ \

- 1 75, 1 76 -
SID 65-500-2.A
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Table 219-49, Data Requirements Summary

0101, 0102

0103, 0107

0104

0108

0106

0108

0109, 0110

0111

0112

0113

0114

ACQ

RATE

(BITS/SEC)

Analog

Analog

Analog

Analog

Analog

Analog

Analog

Analog

ACQ

PERIOD

(MINUTES)

EXP

FREQ

3/7 Days

1/Day

1/Day

1/6 Days

2/Day

3/7 Days

6/7 Days

3/7 Days

0201-0203 ....

1501 250 95 4/Mission

1502 -1505 ....

0501 3 Cont

1407 865 45 12/Mission

0401 - 0406 --

0601-0606 --

--[ TAPE
SPEED

(lps)

15

15

15

15

15

15

15

15

3-3/4

3-3/4

TAPE QUANT

PER ACQ PER

(FT)

I

XMSN

TIME/MISSION

(MINUTES)

525 135

75 45

225 135

150 15

9nn 2_N

300 78

75 39

150

1781

33

11.9

REMARKS

None

None

None

None

None

-- Multiplexed

with Other

E xper

844 16.9

None

None

- 177 -
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SI'ACF2 and iNF-ORN|ATION SYST-_CMS DIVISION

F]ight Z1 _)

6. POWER PROFILES

F{gureZl9-18 contains the operating puwer profiles for each experi-

n_ental task that has not appeared in a previous fhght. Note d,.at th< 0"_00

series of experiments are carried over from Flight 218, the flight with

which Flight 219 will rendezvous.

7. REACTION CONTROL SYSTEM AND SERVICE PROPULSION SYSTEM

REQUIREMENTS

Table 219-50 defines the RCS propellant requirements for the experi-

ments carried on this flight. SPS propellants for Experiment 0101 and the

rendezvous with Flight 218 are also included.

8. CONTROLS AND DISPLAYS

The Integrated Control and Display is modified by adding on alpha-

numeric read-out component,

9. CREW FUNCTIONS

Crew operational times for this flight are summarized in Table Zl9-51.

Many of these crew times must be specifically assigned to specific crew

members with the assistance of any of the other crew members.

System management operations in this flight will require activation of

fuel cells after 14 days and the navigation and pilot duties associated with

rendezvous and docking with Flight 218. There will also be some crew

transfer operations. The experiments aboard this flight which have not been

discussed previously will generally require the crew to tend and observe

living organisms in the 0400 experiment series, further develop man's extra-

vehicular performance capabilites on the 1500 experiment series, and offer

an opportunity to test on-board guidance and navigation procedures in

Experiment 1407. Crew functions in these experiments are described in

TableZlg-52. In addition to the above, the crew may be required to study

liquid, gas, and solid behavior through the use of on-board tanks, etc. in

the 0600 experiments series.

- 178 -
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NORTH AMER'C ^_ AVlATIQN IN_.. C_

\'_Jj

_M
E_0,--

40C --

EXP

200--

o 1
0 2O

! l
4O 6O

MINU TEE

.... I

EXFERiMENT ,-,_l I

I

I
i

I I
80 I00 120

SPACE and INFORMATION SYSTEMS DIVISION

250 [

I
I

D(P

I I I
20 40 60

MINU TES

EXPEI_WM_FNT_ 15_l , 191:)I

I
i

i
I

i
I

I I
80 100 120

20O

15o--

100--

50--

EXPERIMENTS 1303, 1504

EXP

' 1 l
60 80 100 120

MINUTES

25O

200

150 --

I00 --

50 --

0

EXPERIMENT

EXp

20 40 60 80 100

MINUTES

120

250

2OO

IOC--

5(--

0

0

EXP

I I
40 6O

MINUTES

EXPERIMENTS 15OI 1502.

1503 AND 1505

I I
8O I(_ 120

Figure Z19-18. Operating Power Profiles

(Sheet 1 of 2)
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NORTH AMERICAN AVIATION. INC.

-,<-.., i rl i-..,- _.._i-IiI /

SFACE _.-r, _u IN=_rO_R._._AT! n'h,l__ .qYSTEMS DIVISION

Flight 219

I50l

h

75

5O

EXP

25

0

0

! ! I !
20 40 60 80

MINUTES

EXPERIMENT 0401 ]

I
i
I

I00 120

25

20--

15--

10

I
2O

EXP ERIM_'4T 0403]

CONTINUOUS

4O 6O 80

MINUTES

100 120

25O

2O0

15C

iO0

50

¢

EXP

I I i i
20 40 60 80

MINUTES

25O

200--

150--

100--

50--

EXPERIMENT 0402

II

CONTINUOUS

20--

15--

10 --

5

t 0

I00 120 0

EXP

I 1 i
20 4O

EXPERIMENT 0405

EXP

IL
CONTINUOUS

I I I I I
0 20 40 60 80 100 120

MINUTES

EXPERIMENT 0404

6O

MINUTES

CONTINUOUS

L 1
80 I00 120

Figure 219-18. Operating Power Profiles

(Sheet Z of 2)
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NORTH AMERICAN AVIATION, INC. [ _" 'i SPACE and I NFOR3,1ATION SYSTE,_,tS DIVISION

Jp it_iiL 4; i "/

Table Z19-50. SPS and RCS Propellant Requirements

Propellant (lb)

Experiinent _{_ncuvers Operations Conf C Conf D

RCS REQUIREMENTS
I

0101 -0102

1501-1502

1503-1504

1505

1504

1407

1505

Spin profile

Linear accelerations

Maneuver s

Attitude hold

Mane uve rs

Attitude hold

Maneuver s

Attitude hold

Maneuvers

Attitude hold

Maneuver s

Attitude hold

Maneuve r s

Attitude hold

19

6

4O

5 (hrs)

4O

5 (hr s)

4O

5 (hrs)

76

i0 (hrs)

42

9 (hrs)

22

1 1 (hr s)

Total Weight

1824.0

78.0

40.0

4.5

40. 0

4.5

40.0

4.5

72.0

8.0

84. 0

I0.0

44.0

12.0

2266.0

SPS REQUIREMENTS

48. 0

5.5

48. 0

5.5

An

_-iO. 0

5.5

92.0

9.0

105.0

ll.0

55. 0

13.0

2898.0

0101

Rendezvous

with 218

10 sec firing
rendezvous

4200.0

650. 0

- 181-
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\ ', ,\_, _j/

SPACE and INFOR,%IATION SYSTE,%IS DIVISION

i .kL" "_J.k, _ _ •

Table Z19-51. Crew Times

Experiment

150!, 1502

1503, 1504

1505 (EVA)

1504

1504

1504

1501, 1502

1503, 1504

1505 (EVA)

1505 (N-EVA)

0401

0402

0402

0402

0404

0404

0405

0406

0403

1407

0100-0200

0501

0601-0606

TOTAL

C_

12

12

LJ[J_L I I tk. a. Lllt_._ I ssx_.q

!

1 C-2

0

120

0

iZ0

80

8O

I

C-3

120

120

8O

(if carried out)

!

Any C

120

120

120

! 12o
I

i 120
l

1 120

8O

8O

8O

30

F
I 1o

3O

6O

3O

15

20

i 45
15

10

45

f ol;a_l

(hr)

70.1

A "7_0,.5

9.0

471. 8

3.0

111.5

Remarks

Increasingly sophisticated

EVA tests

Plant and small life form

laboratory operations

Navigation operations

1072.9

18Z -

SID 65-500-2A
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NORTH ^L*cm,r-^_ AVIAT f'_l_l ll_l(_

/

SPACE and INFOR_IATION S¥STEI_|S DIVISION

Flight 219

Table 219-52. Crew Experiment Fmnction Description

I
I

Function { Desc.,lp_ 1,,,,

EXPERIMENT 0401

Set-up, periodic

Teardown, periodic

_b se rva tion

Record

Transfer organisms to tubes and inject strains

Inject material to halt phage infection and store

tubes for Earth return

Visual observation of phage plaques

Log record times and observations

EXPERIMENT 0402

'Set-up, initial

Teardown, final

Observe

Process

Bio-Sample

Process data

Record

Check cultures and environment after launch

Store cultures and slides for Earth return

Microscopic observations of organisms; measure-

ment of CO 2, culture density

Transfer cultures, freeze, prepare slides,

chemical treatment

Remove sample cultures

Convert observations to standard forn_at

Log second observations and data

EXPERIMENT 0403

Set-up, initial

Set-up, periodic

Teardown, periodic

Tear down, final

_All other

Check monkeys; set up observation and life

support equipment

Instrument monkeys; care and nutrition

De-instrument monkeys, clean up

Secure monkeys and specimens for reentry

Generally similar to human crew medical and

behavioral procedure

- 183 -
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i-_u RT H ^ _A= _ It- ^ i,,l AV.AT ON, INC. { SPACE and I NFORNIATION SYSTE._IS DIVISION

_'iight Z i 9

Table 219-5Z. Crew Experiment Function Description (ConQ

_unctioll L Desc ription

EXPERIMENT 0404

Set-up, initial

Set-up, periodic

Tear down, periodic

Observe

Bio -Sample

Process

Photo

Data process

Record

Check organisms for post-launch damage and

set-up mission environment

Care and nutrition of organisms, set up for

surgery

Post-surgical cleanup; sample storage

Direct and microscopic observation of growth

and wound healing

Surgical removal of tissue

Preserve samples, make slides

Photograph organisms

Convert observation data to recording form

Log record observations and other data

EXPERIMENT 0405

Set-up, initial

Set-up, periodic

Teardown, periodic

Observe

Bio-Sample

Process

Photo

Set up animal systems and checkout

Set up for surgery and injections, care and

nutrition of animal colony

Post-surgery cleanup and sample storage

Visual observation of animal behavior; micro-

scopic and other observation of samples

Surgical procedures

Slide preparation; preserve samples

Photographic coverage of animal behavior and

status, including surgical findings

- 184 -

SID 65-500-2A



Fi_ht g ] 9

Table 2.19-52. Crew Experiment Function Description (Cont)

Function De s c ription

Direct transmit

Data process

Record

EXPERIMENT 0406

Set-up, periodic

TV transmission of animal behavior

Conversion of observations into suitable

for data

Log record of data and observations

form

Teardown, periodic

Pilot

Observe, direct

EVA steps, as in Approach Section; attach

cartridge to holder; internal attachment of

cartridge for observation

EVA steps, as in Approach Section. Remove

cartridge and return to interior spacecraft.

Store for return

Orient spacecraft for maximum collection

View organisms in cartridge via magnifying
installation

Data record Record counts and other observations

EXPERIMENT 1407

Set-up, initial

Set-up, periodic

Teardown, periodic

Align

Pilot

Remove equipment from storage and position,

may be control of servo-mechanism for equip-

ment in unpressurized areas; checkout equipment

Acquire star, acquire landmark, or acquire

horizon, as case may be

Secure equipment to pre-test position

Inter-align test equipment by non-test equipment

for each type of test

Orientation and stabilization of spacecraft for

sightings and by horizon scanner/altimeter data

185 - "'_ "" _"'"t I--I "_" " I
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Table 219-52. Crew Experiment

SPACE and INP'()RN|ATION SYSTEMS D|VISION

Flight 2 t9

Function Description (Cont)

Function De sc rip t i o_,_

Observe, other

Observe, direct,

man

Observe, display

Data process

Direct transmit

Record

non-

Observation of subject crew member's task

performance

Center stars and landmarks by optical device

Observe computer position, attitude, altitude,

position readouts, times, etc.

Enter star sight and landmark sight data into

computer

Compare on-board navigation values with ground

determined values

Log record task performance observations and

navigation value s

EXPERIMENT t504

Set-up, initial

Teardown, final

Pilot

Observe, self

Observe, other

Physical transfer of

cargo

Photo, etc.

Direct transmit

Record
l

Deploy TV camera; EVA stops a-f;

remove conveyor from storage, assemble,

secure, secure AMU

EVA stops h-n

Attitude control

Observe own actions during EVA

Monitor buddy and crew members in EVA

Release cargo; restrain to conveyor; manually

move cargo by AMU or by restraint system

Complete TV coverage and possible photos of

set-up and transfer

Open line communication between ai1 crew

members and ground

Log record observations
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Table zig-sZ.Crew ]Experiment Function Description (Cont)

i

Function [ De sc r ipt ion

EXPERIMENT 1505

Set-up, periodic

Teardown, periodic

(EVA)

Apply equipment, self

Observe, self

Observe, other

Observe, direct,

n]a n

Subject

Photo, etc.

Record

non-

EVA steps a-f; egress to test station, setup tool

kit and task board

Set up tool kit and task board for non-EVA tests.

Secure tool kit and task board for transport;

ingress to vehicle with tool kit and task board.

EVA steps h-n

Tear down task boards to pre-test status

Utilize instructions, tool kit, task board itemsa._

required by experiment task

Systematic observation of own test performance

and problems

Systematic observation of subject test perform-

ance by TV, direct vision, etc.

Inspectand evaluate test board status after test

Cooperation with observer during test

Pre-test, test, and post-test photo and TV

coverage

Log record observations, scores, etc.
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Flight 219

i0. SUMMARY OF MISSION ACCOMPLISHMENT

A very _ig._.if,cant aspert of this flight is the re1_dezvous and docking

with Flight 218 in order to transfer one crew member and assorted carge,.

This is the first AES flight which will attempt crew/cargo transfer, thereby

extending the in-orbit medical and behavioral experiments data to a 90-day

duration. Fewer spin-ups will be conducted in conjunction with Experiments

0101 and 0102, because of RCS propellant limitations. Fewer linear accel-

erations will be conducted in order to reduce SPS propellant requirements.

Because of weight limitations, configuration D will be limited to 33 days.

Numerous experiments, including testing of maintenance and repair

techniques, will require extra vehicular activity. Animal life support exper-

iments will be continued from Flight 218. The on-board Block II-A Guidance

and Navigation system evaluation will also be conducted on this mission,

requiring three 45-minute operations on the day side of the orbit and three

45-minute operations on the night side.
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F_-ht 221

FLIGHT ZZI: SPACE STATION ARTiFIC!A!,

GRAVIT Y INVESTIGATIONS

1. EXPERIMENTAL PROGRAM

This mission will be placed in a ZOO nautical-mile circular orbit at

28. 5 degrees inclination. It will involve three men for 45 days and include

the following experiments:

Standard Group
4

0101-01Zi Biomedical Series

0201-0203 Behavior Series

0501 Radiation Environment Monitoring

Mission Group

0301 Artificial Gravity by Rotating Station

Z. MISSION OBJECTIVES

The artificial gravity system, as tested on Flight 215 and subsequently

developed, will be given a full-scale test of 45 days duration with varied

G levels.

The previous mechanical tests of Flight 215 will have proven the

capability of maintaining a rotational artificial G condition. Upon establish-

ing orbit, the Command-Service module/rack will be mechanically separated

from the S-IVB carcass and a rotation of the combination will be initiated.

At the end of the mission period, the system will be de-rotated just prior to

Earth-return of the Command Module. This will provide the data for com-

parison of weightlessness effects with effects over time due to artificial G

by station rotation. In order to make this comparison, the full range of

biomedical and behavioral functions will be measured. Radiation environment

measurement will continue.

3. BASIC EXPERIMENT REQUIREMENTS

A summary of weight, volume, crew time and other requirements is

contained in Table 221-53.
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Flight 22 1

4. CONDENSED MISSION/EXPERIMENT CHARACTERISTICS

Pertinent parameters of _'-_,,,..evp_rirnents.._ carried on this mission are

showninTableZZI-54. This data formed the basic inp, t to the automatic

experiment scheduling program. Reference may be made to Section 4,

Flight 209, for detailed description of the parameters presented in the table.

5. DATA MANAGEMENT REQUIREMENTS

The data management requirements for Flight 221 are summarized in

Table ZZI-55. Flight 221 carries the standard experiments (0100, 0200, and

0501 plus 0301) which impose normal requirements for data management.

Hence, the requirements for 5Z5 feet of tape per acquisition, 840 minutes

transmission time per mission, and 18 7 minutes average transmission time

per day are easily satisfied by the standard data management subsystem.

6. POWER PROFILES

This section normally contains the operating power profile for each

experimental task that has not appeared in a previous flight. All experiments

on this flight have already been covered.

7. REACTION CONTROL SYSTEM AND SERVICE PROPULSION SYSTEM
REQUIREMENTS

Table 221-56 enumerates the propellant quantities required for maneu-

vering the spacecraft during this flight.
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| INTEG. EXP,

NO. NO.!

PRI- FREQ

ORITY

! t

010261 0101,0102

010252 0101,0102

010243 0101,0102

010361 0103_0107

010352 0103,0107

010343 0103_0107

010461 0104

010452 0104

010443 0104

810561 0105

01065?__. 0106

010843 0108

010961 0109,0110

DIO95Z 0109_0110

010943 0109,0110

D11161 0111

011152 0111

011143 0111

011261 011Z

011Z5Z 011Z

011243 0112

011361 0113

011352 0113

011343 0113

011307 0113

011407 0114

011501 0115
i

011502 0115

011503 0115

01165,2 0116

011761 8117

011752 9117

011743 9117
|

511761 3117

511752 3117

511743 0117

011807 0118

511807 0118

1141

1142

1143

I001

100Z

1003

10Zl

10ZZ

1023

1151

i011

1031

1041

1042

1043

iiii

lllZ

1113

1044

1045

1046

llZl

i122

II23

1124

1131

1161

I162

1163

i171

1051

105Z

1053

1055

1056

1057

1054

1058

I/ 7 Days

1/7 Days

I/7 Days

I/ 3 Days

1/3 Days

1/3 Days

1/3 Days

i/3 Days,

1/3 Days,

1/7 Days

1/ 6 Days

Z/1 Days

I/7 Days

1/7 Days

i/7 Days

2/7 Days

2/7 Days

Z'/7 Days

1/7 Days

i/7 Days

1/7 Days

i,/7 Days

1/7 Days

1/7 Days

i/7 Days

2/7 ,Days

3/Mission
2,

3/Mission

3/Missio_

I/Mission

1/ Z Days

1/2 Days

1/ Z Days
e

i/7 Days

I/7 Days

1/7 Days

I/Z Days

1/7 Days

CREW TIME

#I #2

I

40

MINUTES)

#3 ANY
t_ DL'_AI

I '_,'\L-vv I

MEMBER

4O

POW ER SCS

STANWD-BY j
OPERATING ORIENTATION

WATTS M!N WATTq J MIN J
. , ...... I ...... I I

I i i
I

4o 3o 1 -

i DATA IWEiGHT'

IATTITUDE BITS TRANS- (LB)
I_HOLD ' STORED MITTED

! tIlllkl%

i vv,,,-,.eL
_'" I rain A 7 min At

im

i

7.0

4O

5O

4O

40 40

40 30

40 3O

':" 7 min A,.

;:'_ 7 min A

7 min A

7 rainA

5O 5O

5O

6 40

6 4O

ilmin A

i rain A

I min 33.6

i min

20

5O 5O 6 4O

Z0 6 15

- 1 rain A 1 min

- 3 min A 3 rain 5.0

I0

20 ZO 6 15

20 20 6 15

80 Z5 60

- 3 rain A 3 min -

- 3 rain A 3 min -

- 473

35

15

30 30 8 30 - -

25 5 5 15 -

35 56 i0 - - -

35 35 56 I0 - - -

min A 2 rain

a rain A

_min A

_min A

4 rain 3.0

4 rain 30.0

4 min

15

35 35 56 I0

_5 15 ,,,
15 15 5

15 15 5

min A 4 min -

blminA i min 3.Z

!imin A i rain -

15 - '1 rain A 1 min -

5 5 i0 5 36,8

4O

i0

5

5

5 5 10 5

5 5 i0 5

4O

l0

16,o

5

40 5 40

40 5 40

40 40 5 IZ0

10

5
i

60 5 60

I0 4.5 i0

3O

23

23

1 10

1 lO

1 lO

5 160

I0

I0

15

15

- Z minA Z min 0.6

- 2 min A 2 rain -

- Z min A Z min -

- - - 0.5

i

47-9

12.8
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Table 221-54. Flight 221 Experiment Parameters (Sheet i of Z}

REMARKS-

o.6 _ :0__.___R_P

-- _ AAIso

+,
1.8

- +

9.0

0.Z5

1.5

2.1

-- !

0.01

0.25

Lab wc

¢i 3 I_P

real tim

_i 6 RF

TV or

rk for 0113

ine-can

- i Schedule on 3"successive days'
+ r I" ÷

;::Minimum rotation J

Schedule during Ist Z days only

Schedule during 1st Z days only

Schedule during 1st 2 days only

Start 7 days after 011761

_ Start 7 days after 011752

- k Start 7 days after 011743

ole during 1st 2. days only

- t Start 7 days after 011807

M 6RF

era for

M 3 Kt 'M 0 Rt

25 rain/ exp

M Fire SPS
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INTEG. EXP. PRI-

iORITY

FREQ

NO. NO.

! I I I

011907 0119 i061 I]2 Days

511907 0119 1062 I/7 Days

011207 0120 I071 1/14 Days

511207 0120 I072 1/14 Days

611207 0120 1073 1/14 Days

01Z107 0121 1181 1/14 Days

512107 0121 1182 1/14 Days

612107 01ZI I183 1/14 Days
FREEZ ER (LYC PHILI _ER) AND P_

i

020161 0Z01 1091 I/6 Days

020152 0201 1092 1/6 Days

020143 0Z01 I093 I/6 Days

520161 0201 i094 1/6 Days

520152 0201 I095 I/6 Days

520143 0201 1096 I/6 Days

020261 0202 1081 1/3 Days
i

020252 0202 1082 i/3 Days

020243 0Z02 i083 l/3 Days

020361 0203 If01 I/6 Days
i

020352 0203 ll0Z I/6 Days

020343 0203 1103 I/6 Days

520361 0203 1104 1_/6 Days
I i

520352 0203 1105 1/6 Days

520343 0203 1106 1/6 Days

050101 0501 1191
i I

050102 0501 1192

050103 0501 1193

030177 0301 32

1/3 Days

1/3 Days

15/Mission

CkEW TIME-,

#I #2

_FRIG ERATOI_

82

8Z

32

32

63

63

i00

i00

4O

MINUTES)

#3 ANY

I CREW
' MEMBER

30

30

Z0

Z0

Z0

35

35

35

!STAND-BY OPERATING

_,,^TTC A41N WATTS M!N I
I "_" ...... . t t

FOR AI lOVE E)PERIME NTS

33

POWER SCS l DATA iWE ''" uT',_,,,, S"
l

I0 30

ORIENTATION ATTITUDE BITS TRANS- (LB)

HOLD STORED MITTED

! ,,,,_,_ Ii i _...... ! i !
....... I

I0 3O

I0 15

i0 15

I0 15

5 1440 ..... 19.0

5 1440 ......

5 1440 ......

50 Cont.

30 Z6 ..... 75.0

33 30 26

82 33 30 26

8 30 26

8 30 z6
32 8 30 26

14 105 50

14 105 50

63 14 i05 50

160 75

160 75

100 160 75 ......

160 15 ......

40 160 15 ......

40 160 15

4

4

4 45days

I0/I0 ..... :_

5.3 Cont. l 1Z_500 1 sec

for iper per

orbit orbit

50.0
i
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- _ Sched
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- Start

J

I

- !

P
- 1
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p-
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I
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I
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Table ZZ 1-54.

-REMARKS

I

I

! I
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Flight Z2 1

Schedule 3 da_

Schedule 3 da_

Schecule 3 da_

:lays

"s after

"s after

"s after

(IZ0161

(_Z0152

(_20143

Flight Z21 Fxperiment Dorameters (Sheet 2 of Z)

! i I
t +

Schedule 3 da, s after 20361
n

Schedule 3 da,rs after 1Z0352

Schedule 3 da,,s after bZ0343

tr

Schedale ±g o: bits at ke_innin_:of day 1 6. 11. [Z1, 26. }1. 36 a:_d middl_._ of dav 3. 8_ 18 23 2g _ _R aq

SID 65-500-2A



NORTH AMERICAN AVIATION, INC.

0101, 0102

0103, 0107

0104

0105

Table 221-55.

AC_N

RATE

(BITS/SEC)

Analog

Analog

Analog

ACO

PERIOD

(MINUTES)

SPACE _tt-_d I NF()R_!AT!ON ._YSTE_IS DIVISION

Data Requirements Summary

[ TAPE [ TAPE QUANT v_aq_,;
= " " I "" .....

EXP

FREQ

1/Day

7 3/7 Days

1 1/Day

3

3//7 Days

0106 Analog 2 1/6 Days

0108 4 2/Day

0109, 0110 4

0111 Analog 1 6/7 Days

0112 ......

0113 Analog 2 3/7 Days

0114, 0121 ......

0201, 0203

0501

0301

Cont

Table 221- 56.

Flight ZZl

SPEED [ PER ACQ PER TIME/MISSIO_,'_

(FT) (MI_HTES_, REMARKS

15 525 135

15 75 45

15 225 135

None

15 150 15

3OO 360

300 78

15 75 39

None

15 150 33

None

None

-- Multiplexed

with Other

!Exper

None

RCS and SPS Propellant Requirements

Propellant (lb)

Conf C Conf DExperiment

Number

Maneuver Ope ratio ns

RCS REQUIREMENTS

0301 Artificial G test 2 l 578 1578

SPS REQUIREMENTS

0101 i0 sec firing 6 4200
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Flight 22 i

8. CONTROLS AND DISPLAYS

Changes to the basic co.,-tzol and display panel include two additional

items: a circular meter, and a IG warning signal light.

9. CREW FUNCTIONS

Crew times have been previously discussed in connection with

Flights 211 and 215; therefore, only total crew times are included in
Table ZZI-57.

Table Z31-57. Crew Times

Experiment

0100-0200

0501

0301

Total

(hrs)

471. 8

3.0

5.0

Total 4 79. 8

This flight, essentially an extended version of Flight 211 with artificial

gravity (spin) operations, does not include the camera duties with which the

spin operations might interfere. All experiments on this flight have been

discussed in previous flights.

10. SUMMARY OF MISSION ACCOMPLISHMENT

The purpose of this flight will be the full mission testing of the artifi-

cial gravity system using the S-IVB as a counterweight to the spacecraft.

The S-IVB and spacecraft combination will be rotated continuously in orbit,

with variable rotation radius (up to 50 feet) and rpm. This will provide

variable artificial gravity conditions up to one G.

The only recommended deviation from the specified experimental

program is the reduction of orbital duration to 39 days for configuration D.

Special considerations are required only to the extent that the initial spin-up

will be accomplished through non-coupled RCS firing.
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Flight 516

FLIGHT 5 i6: As'rI<ONOi-,iY

i. EXPERIMENTAL PROGRAM

This mission is launched into synchronous orbit with a crew of three

for 45 days. The experiments aboard this mission, listed below, were not

integrated into the spacecraft by S&ID. However, some data were generated

for consideration in the overall analysis of the spacecraft and its systems.

Standard Group

0101-0121 Biomedical Serie s

0201-0203 Behavioral Series

0501 Radiation Environment Monitoring

Mission Group

0401 Genetic Effects in Microorganisms (DNA Mutation

Rate, and Phage Production)

0402 Effects of Space on Morphology,

Separation in Microorganisms,

and Animal Tissue Cells

Growth, and Gas/Liquid

Unicellular Organisms

0403 The Effects of Weightlessness on Cardiovascular and

Respiratory Functions. Hormone, Mineral, and Water

Metabolism, ANS, CNS and Brain Mechanisms,

Operant Behavior and Biorythms in the Primate

0404 Limb Regeneration and Wound Healing During

Weightlessnes s

04O5 Effects of Drugs on Mammalian Behavior in Space

Flight

04O6 Soft Capture, Innumeration and Identification in

Space-Borne Microorganisms

1303 Extendable Rod Performance Tests

- 199 -
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1304 Operation of Solar Sailing Passive Communications

Satellite

i_i lJv v

0702 Intermediate-Size Reflecting Telescope

0703 Manned Coronagraph

07O4 Study of Nearly Solar-Like Stars in X-Rays

0705A Radio Astronomy 1-5 MCPS Range

0705B Radio Astronomy 1-5 MXPS Range Using Tunable "V"

Ante nna

0801 Conjugate Aurora and Airglow

I00i Small Maneuverable Satellite (SMS)

2. MISSION OBJECTIVE

This flight is intended to provide a significant advance in the scientific

space laboratory effort. Included is a major series of astronomical

observations and associated experimentation. A synchronous orbit for a

full 45 days is specified for the first time.

With the astronomical mission, basic space flight development investi-

gations are primary to include such operational problems as extendable

member techniques or kinetic energy use in spacecraft control; and such

environn_ental problems as the nature of aurorae and interstellar gases.

Biomedical/behavioral experimentation continues as a progression of

the basic programs of earlier 45-day flights. Mammalian studies will be

emphasized, with the use of implanted electrodes in primates as the major

progression.

3. BASIC EXPERIMENT REQUIREMENTS

The estimated weight, volume, crew time, Electrical Power System

(EPS), and Stabilization Control System (SCS) requirements are presented

in Table 516- 58.
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SPACE and INFORMATION SYSTEMS DIVISION

Flight 518

FLIGHT ql_: R<MOT_ ,_<N,q]TqG OF THE EARTH'S

SURFACE AND ATMOSPHERE

I. EXPERIMENTAL PROGRAM

This mission will be carried out in a 200-nautical-mile orbit at an

inclination of 83 degrees retrograde. It will carry three men for a total

Experiments to be conducted are as follows:duration of 45 days.

Standard Group

0101-0121

0201-0203

0501

Mission Group

1405

080ZA

Biomedical Series

Behavioral Series

Radiation Environment Monitoring

0802B

0802C

080ZD

0901

0902

0903

MISSION

Orbital Test of a Large Solar Cell Array

Operation of High-resolution Infrared

Radiometer (HRIR) Detectors Experiment

Test of an Infrared Scanning Spectrometer

Test Calibration and Evaluation of a

Microwave Spectrometer

Test of a Prototype Star-tracker

Multispectral Target Characteristics

Synoptic Earth Mapping

Multifrequency Radar Imagery

2. OBJECTIVE

The primary purpose of this flight is the direct application and

further development of the Earth sensing systems initiated in earlier flights,

and the increased accumulation of detailed Earth data. A full complement

- 2o3-
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of Earth sensing equipment will be installed for the first time with the

addition of multifrequency radar imaging capacity to the basic equipment.

Sun-Earth viewing relationships throughout the 45-day mission. During the

sunlit phases of the orbits, a large solar cell array will be tested (1405).

This array will be about 1250 square feet and produce a maximum of about

10 kw. The power will be utilized to alleviate the demand of the radar experi-

ment (0903). Mechanical problems of deployment will have been tested in

the earlier Flight 507. Development of future power systems for prolonged,

perhaps interplanetary, missions will be influenced by this mission's test

and actual use of the solar cell array.

Four experiments will be concerned with the specialized observation

of the Earth's surface and atmosphere. A star tracker (0802A) will accu-

rately determine the refraction of stellar images as the star occult through

the visible atmospheric fringe. Two scanning spectrometers, IR and

microwave (080ZC and D), will procure spectral distribution of radiation

from various points on the Earth's surface in certain frequency bands. An

IR radiometer (0802B) will generate IR emission data which can be correlated

with photos and reconstituted into cloud images.

Observation of the Earth's surface in various modes is the purpose

of the 0901, 0902, and 0903 series of experiments. Stereocartographic

photos at 20-foot resolution will permit topographic maps of the desired

height resolution to be made. Simultaneously, multicolor photos of a

coarser resolution will permit reconstitution of subsequent full-color and

modified false-color photos. Broad band VHF returns will indicate surface

moisture condition; passive reception of the Earth's microwave emission

will be accomplished with a radiometer. A radar mapping task (0903) will

simultaneously be performed to provide correlated radar maps of the same

areas covered by 0901 and 0902. Radar swaths up to about 80 nautical miles

at frequencies from 0. 5 kmc to 35 kmc at resolutions from 15 to 340 meters

will cover most of the Earth's surface during the mission.

A special interface problem was encountered during Experiment 0903,

radar mapping. The radar altimeter antenna must be oriented in the direc-

tion of the Earth. The parabolic antenna for the side-looking radar must be

oriented 35 degrees with respect to the local horizontal. It is imperative

that the parabolic antenna be so designed as to assume a proper shape after

deployment and unfurling. The equipment box must be mounted in close

proximity to the antennas to minimize RF losses. Film storage must be

accessible and provided with thermal control. In order to minimize inter-

ference, it is desirable that all antennas be provided with separate erection

capabilities.

204 - ,r"_'_ ;, I I" I I_ I" i, I "t" i AI
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3. BASIC EXPERIMENT REQUIREMENTS

,-r_ 1_ _ "w __ c i ,.,_,lil,,I-^: 1,.,,i- ..^1 ^inc .u.umo, _r_,, time, _._'D<u,and _v-qC-qrequirements_ a,-_

presented in .c.-_l_ul_ 5i5-_" J,'t

4. CONDENSED MISSION/EXPERIMENT CHARACTERISTICS

The pertinent parameters of the experiments carried on the flight

are listed inTable 518-60. This data forms the basic input to the scheduling

computer program. Additional definitions of the various parameters are

presented in Flight 209.

5. DATA MANAGEMENT REQUIREMENTS

The data management requirements for Flight 518 are summarized in

Table 518-61. Flight 518 will conduct the same standard experiments (i.e.,

0100, 0020, and 0501) as Flight 209. In addition, experiment 0903 requires

2250 feet (one reel) of tape per acquisition and a total transmission time per

mission of 5888 minutes. This is attributable due to high data rate and high

frequency of acquisition relevant to the mission. The flight requires a total

transmission time of 7236.6 minutes per mission, i.e., an average trans-

mission time of 160.8 minutes per day. Hence, the standard data management

subsystem described in Section 2 is adequate. The data management profile

for Experiment 0903 is shown inFigure 518- 19.

i
Z

8 m

6--

4

2 --

7000 BPS

1 1

EXPERIMENT 0903

DAIA STORAGE

40 50 60 70 80

MINU TES

Figure 518- 19. Data Management Profile
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INTEG.t EXP, PRI-

NO. NO. ORITY

w i ! I

010261 0101_0102

:010252 0101,0102

010243 OlOl,OlOZ

010361 0103,0107

010352 0103,0107

010343 0103,0107

010461 '0104

01045Z 0104

010443 0104

010561 0105

01065Z 0106

010843 0108

010961 0109,0110

010952 0109,0110

010943 0109,0110

011161 0111

011152 0111

011143 0111

011261 0112

011ZSZ 011Z

011243 011Z

011361 0113
i

011352 0113

011343 0113

011307 0113

011407 0114

011501 0115

011502 0115
i

011503 0115

011652 O116

011761 0117

01175Z 0117

011743 0117

511761 0117

51175Z 0117

511743 0117

e11807 0118

511807 0118

FREQ

i141 i/7 Days

II4Z 1/7 Da]fs

1143 1/7 Days

1001 I/3 Days

i002 I/3 Days

i003 1/3 Days

10Z1 1/3 Days

i0ZZ i/3 Days

1023 1/3 Days

1151 i/7 Days

i011 1/6 Days

i031 Z/I Days

1041 i/7 Days

1042 i/7 Days
i

1043 I/7 Days

iiii 2/7 Days
i

1112 2/7 Days
i

1113 2/7 Days

1044 I/7 Days

1045 1/7 Days
i

1046 1/7 Days

I121 1/7 Days

1122 i/7 Days

II23 I'/7 Days

i124 I'/7 Days

1131 2/7 Days

1161 3/Mis sion
71 I

1162 3/Mission

1163 3/Mis sion
i

1171 i/Mission
i . i

1051 i/Z Days

1052 i/Z Days.

1053 I/Z Days

1055 1/7 Days

1056 i/7 Days

1057 I_7 Days

1054 1/2 Days

1058 1/7 Days

#I

i

40

50

20

i0

-)D

15

40

I0

C[_EW TIME MINUTES)
I

#2 #3 ANY

40

, CREW.

' MEMBER

0

4O

40 40

50

50 50

50 5O

ZO

20 20

Z0 Z0

POW ER

STAND-BY OPERATING

J WATTS l MIN WATTS MIN

t ' !
40 30

40 30

40 30

6 40

6 40

6 4O

6 15

6 15

6 15

25 60

j SCS jl

ATTITUDE

r-% A -r A
IJl--_ i/-_

BITS

STORED

TRANS-

MITTED

I _^II:IP_I-ITJ S

I TT _lVl i I i
(LB) V

I C

I I I
i

v _,_ A[ V minA 7.0i m ........

7 rain A 7 n_i1_

7 min A 7 minA

1 min A 1 rain 33.6

80

ORIENTATION

"4"-

1 min A 1 rain

1 min A 1 min

3 rain A 3 rain 5.0

3 min A 3 rain

3 rain A 3 rain

473

30 30 8 30 - - - Z rain A Z rain -

25 5 5 15 - - - 4 rain A 4 rain 3.0

35 56 ]0 - - - 4 rain A 4 rain 30.0

35 35 56 i0

35 35 56 i0

15 15 5

15 15 15 5

15 15 15 5

40

i0

4 min A 4 min

160

5 i0 5

5 5 I0 5

5 5

40

4O

40 40

6O

i0 5

5 4O

4 min A 4 rain

1 min A 1 rain 3.2

1 min A i rain

1 rain A i min

- 36.8

Z rain A Z min

2 min A Z rain

0.6

Z min A Z min

- 0.5

47,9

- - 12.8

5 40 - -

5 iZ0 - -

5 60 - -

4.5 i0

1 i0

1 i0

i i0

5 1O0

i0

I0 15'

i0 15

lO"
30

5

5

5 5

5

5

5 5

23

23

/
/
/

/
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Flight 5 !8
" 1].ab_e q18-60, Flight 518 G×periment Parameters (Sheet ] of 3)

U. FI._ t

0.6 -_0 I_P 3 RP 6 , 9 RP]

Also real tim TV or ine-

.N

0.25

1.5

Z.1

0.05

0.01

0.25
Lab work for 0113

Schedule on 3 successive days"

*Minimum rotationt t }
Schedule during Ist 2 days

Schedule during Ist Z days

Schedule during Ist 2 days only

Start 7 days after 011761
q

Start 7 days after 011752

Start 7 days after 011743

Schec_ule during 1st 2 days only

Start 7 days after 011807

6 3

era for :5 min/_xp

, Fire

- 207,208 -
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IN I I:L_. rat.

NO. NO.

! !
011907 0!!9

511907 0119

011207 0120
r 1_11207 01Z0

611207 0120

012107 0121

512107 0121

612107 01Z1

FREEZER (LYC

ORITY

I

1061

1062

1071

1072

1073

1181

1182

1183

PHILI

I c Dl:::g'% I

]

020161 0201 1091

020152 0Z01 1092

020143 0201 1093

520161 0201 1094

520152 0201 1095

520143 0201 1096

020261 0202 1081

020252 0202 I082

020243 0202 I083

020361 0203 if01

020352 0203 if02
i

020343 0203 ii03
i

520361 0203 if04

520352 0203 1105

520343 0203 If06

090107 090L2,3 32

590107 0,90_ 2, 3 33

690107 090L_3 34
i

790107 090L2,3 1701

050101 0501 1201

050102 0501 1202

050103 0501 1203

140507 1405 1501

640507 1405 1502

!
1/2 Days

i

I/7 Days

l/14 Days

i/14 Days

i/14 Days

l/14 Days

l/14 Days

1/14 Days

ZER) AND R
i

I/6 Days

i/6 Days

I/6 Days

i"/6 Days

l/6 Days

1/6 Days

1/3 Days

l/3 Days

l/3 Days

l/6 Days

I/6 Days

i/6 Days
t i

1/6 Days
i

i/6 Days

1/6 Days

i

J

I/ii orbits

i/II orbits

1/ll orbits
i

1/3 Days

I/3 Days

I/3 Days

I/3 Days

i / i Day

i/i Day

#I

EFRIG

82

32

63

I00

40

rb_^l TIhAF'I[/kAIKII ITF_¢/I i vow_r [ sos i

ANY STA N'D-BY OPER,a, TI NG ORIENTATION ATTITUDE

CRk%JV WATTS MIN WATTS

l MEMBER! . I
30 ] 10

30 l0

Z0 I0

20 10

Z0 i0

#2

MIN

I

3O

3O

15

15

15

1440

1440

1440

Cont

HO LD

I (MiN)[

DATA I Vv EIk.2n I J 2) 1

BITS TRANS- (LB) V

STORED MII-[ED (

I

19.0*35 5

35 5

35 - 5

ER_ATO] FOR A:BOVE E) PERIME;NTS 50

33 30 26 - - - 75.0

82 33 30 26 - - -

82 33 30 26

8 30 z6

32 8 30 26

32 8 30 26

14 105 50

I I

- j -

63 14 105 50

100

63 14 105 50

160 75

160 75

3.2 x l06' 61Sec 4171

3.2 x 106 61 Sec

3.2 x 106 61 Sec

I00 160 75

160 15

160 15

160 15

30 3930 30 Towards Earth 30

30 3930 30 Towards Earth 30

33 3930 33 Towards Earth 33

15 .....

40

40

4 5.3 Cont 12, 500/ t Sec/J 50

orbit II

5 Sec/ 2517

4

4

- for

- 45 days

30 -':-" - Toward s Sun Cont

o r bit

25, 2oo/

30 ':" - Toward s Sun Cont orbit orbit



hUME_
IJ- FT.!

I i

i

- j

I t
1

1 7 ::=

I

3 13 t

i

1

I

I:
I-
|_0

I

|
|00

I I l iI 1

| •

Schedule durin_ ist Z d_ys

c_ "- " _ 017,,,art ' aays art r 0ii9

I Start alter 30 daysi

!*Do not include m missi,

Schedule 3 days after 0210161

Schedule 3 days after 02015Z

Schedu.e 3 day after 020143

Schedu e 3 days after O_ 0361

Schedu e 3 days after O_ 0352

Schedu e 3 day: after 0_ 0343

only

,ns less

Schedule imme tiatel}r a ter 0901

Schedule imme tiately a ter 5901

Maintenance arzl chan_i tg film

Lhan 30 ILays

NORTH

Table 518-60.

I_FAAA pvC

/

AMERICAN AVIATION, INC. ((,_x Sl'ACEand INFOilMAT!ON SYSTIr.IM_; DIVISION

Flight 5 18

Fiight 518 Experiment Parameters (Sheet 2 of _,)

T ! !

Peak pqwer 40, )OOW 1 rlin

"t

:':- Prod aces po_ er

* Prod ices po,_ er

_-;2 ....... °" " "
_ .-. . . 209, ZlO -
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INTEG, EXPo PRI- FREQ CREW TIME' (MINUTE§) -

NO,, NO. IORITY #2

t

08020{ 0802Aji60ii4/i Day
580707 0802B I602 6/1 Day

680207 0802C 1603 2/1 Day

780207 0802D 1604 7/Mission

i

J

i i

i i

i

i i

i| i

POW ER SCS DATA

ANY STAND-BY ©PER,_,TING ORIENTATION ATTITUDE BITS TRANS-

CRFW 1 WATTS M!N 1 wArT¢, ! MIN 1 NNI n qTORFD MITRED
,_£_, t ....... t " t. f. ! -_,......, t ..... f.....

i

J WEIGHT ST((LB) VOI

l'owar dls Earth20 15 5 25 20 Z0 _ 98

20 I0 5 60 20 Toward s Earth 20 ;:: 390

15 90 16 Towards Earth 15 _"," 68

l0 5 7 Toward s Star 1 60

!
I

l



NJMF_'

eFT.
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i
m

] ; I i
i I ! !

_':-All d Lta colie zted on f Im and t_pe

;_All d Lta colle :ted on fim and t_pe

;:-"All d Lta colle "ted on f Im and t_pe
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_" "//_'_\ SPACE _nd INFORMATION SYSTEMS DIVISION

Flight 518

Fiight 518 Experiment Parameters (Sheet 3 of 3)
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Table 518-61

INC.

/

SI'ACE and INFO|{NIATION SYSTENIS DIVISION

Data Requirements Summary

0101, 0102

0103, 0107

ACQ

RATE

(BITS/SEC)

Analog

Analog

ACQ TAPE

PERIOD EXP SPEED

(MINUTES) FREQ (IPS)

3/7 Days

1 ,,Day

0104 Analog 3 1/Day

0105 --

0106 Analog 2 1/6 Days

0108

0109, 0110

4

4

0111 Analog

2/Day

:3 ,q Days

6/7 Days

0112 --

0113 Analog 2 3/7 Days

0114-0121 --

0201-0203 --

1137

7000

35

0901, 0902

0903

0501

3O

3O

Cont

3O

2O

10

15

1405

08 02 A

1365

1444

160

3/I 1 Orbits

3/Ii Orbits

2/Day

4/Day

6/Day

2/Day

7 ,'Mission

15

15

15

15

I

15

15

3-3/4

15

3-3/4
I

3 -3/4

Z13 -

TAPE QUANT XMSN

PER ACQ PER TIME/MISSION

(FT) (MINUTES) REMARKS

525 135

75 45

225 135

.... None

150 ]5

t
300 360

300 78

75 39

.... None

150 33

.... None

.... None

662.5 184. 1

2250. 0 6888.0 (Return Excess

to Earth in

Tape Form)

.... Multiplexed

with Other

E xper

562.5 84. 6

375. 0 112.8

187.5 84. 6

281.3 42. 3

18.8 0.2
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6. POWER PROFILES

Figure 518-20contains the operating power profile for each experimental

task tha_t has not appeared in a previous flight.

7. REACTION CONTROL SYSTEM AND SERVICE PROPULSION

SYSTEM REQUIREMENTS

The required expenditure of Reaction Control System (RCS) and Service

Propulsion System (SPS) propellants to support the mission experiments is

shown in Table 518-6Z.

Table 518-62. RCS and SPS Propellant Requirements

Expe rim ent Maneuver Operations

Propellant (lb)

Conf C Conf D

0101-0102

0901

1405

o8o2 (ABC)

0802 D

0901-3

1405

08 02 A

0802 B

0802 C

RCS REQUIREMENTS

I

Spin profile

Linear accelerations

Maneuver s

Maneuvers

Maneuvers

Maneuvers

Attitude hold

Attitude hold

Attitude hold

Attitude hold

Attitude hold

19

6

65

342

270

7

i02 (hrs}!

787 (hrs)

60 (hrs)

90 (hrs)

23 (hrs)

2070

78

9O

473

372

ll

239

262

28

42

37

2570

78

113

576

453

13

187

254

Zl

32

29

TOTAL WEIGHT 3702 4326

0101

SPS REQUIREMENTS

i0 sec-firing 6 4200

214 -

SID 65-500-2A
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Figure 518-20. Operating Power Profiles
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8. CONTROLS AND DISPLAYS

SPACE and 1NFOR.",.!ATION SYSTE,'_IS DIVISION

The following changes to the b_as_c control and u_=play panel are

required: addition of toggle switches; deletion of digitai .... -.... t

9. CREW FUNCTIONS

With the exception of the addition of Experiment 0903, whose crew time

is combined with Experiments 090] and 0902, no experiments appear on this

flight that have not been previously discussed. Therefore, it is only necessary

to list total crew times in Table 518-63.

Table 518-63. Crew Times

Experiment Total (hrs)

0100-0200 471. 8

0501

1405

0802A

0802B

0802C

0802D

3.0

45.0

60.0

9O.O

2Z. 5

1.2

0901-0903 104. 5

TOTAL 798. 0

Crew system management functions for this flight are generally

standard for a 45-day D configuration. In experiment operations, the flight

contains no crew functions not previously discussed--with the exception of

extending the 0900 series of experiments into 0903. Crew functions for

Experiment 0903 are described in Table 518- 64.

- 216-
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Table 518-64. Crew Ftmction Description

Experiment 0903

Function

Set-up, initial

Set-up, periodic

Calibrate

Pilot

Observe, direct,

non-man

Observe, display

Photo

Direct transmit

Record

De s cr ipt.c,n

Initiate deployment; initial checkout.

Select channels, ranges, techniques, etc.;

select targets; load film.

Periodic calibration of equipment by
built-in calibration facilities and in

coordination with ground support.

Attitude orientation.

Observe deployment and status of antenna;

visually select targets.

Observe pertinent parameters for

various measurement techniques;

interpret data.

Photo coverage of targets in conjunction

with radar scan.

Coordinate data acquisition and transmit

with ground support.

Log record displayed data and other

observations.

10. SUMMARY OF MISSION ACCOMPLISHMENT

As in all polar orbit launches from Cape Kennedy, a yaw steering

boost program is required in this flight. This flight must be launched within

a certain time interval to capitalize on optimal Earth lighting for Earth

mapping purposes. Test of a radar imaging system will be conducted on this

flight in addition to other sensor system tests.

A deployable solar cell array will be utilized to provide I0 kw of power

for the radar experiment. Since power generated by the solar array will be

directly available only on the Earth's day side, batteries will be provided to

permit radar mapping operations of the Earth's night side.

- ZI7 -
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Recommended deviations from the specified experimental program

include deleLion of spin-,_ps required for experiments 0101 and 0102. This

exception is due to RCS propellant capacity limitations. Fewer experiment

0802B operations will be performed for the same reason.

Special consideration must be given to two factors: selection of the

booster impact area and the requirement for approximately 20, 000 RCS

firings.

218 -
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FLIGHT 521: SPACE PHYSICS AND SUBSYSTEM DEVELOPMENT

I. EXPERIMENTAL PROGRAM

This flight is launched into synchronous orbit with a crew of three for

45 days. Experiments are listed below. This experimental mission was not

integrated by S&ID.

Standard Group

0101-0121 Biomedical Series

0201-0203 Behavioral Series

0501 Radiation Environment Monitoring

Mission Group

0801 Conjugate Aurora and Airglow

1403 Fluid Management Technology for LSS

1404 Radioisotope - Thermoelectric Power

System Integration

1406 Optical Technology (Excluding LASER Tracking)

0502 Study of Magnetic Field Lines

0503 Generation and Analysis of Comet-Like Particulate

Clouds

Ii01 Launch of an Unmanned Satellite (OGO)

2. MISSION OBJECTIVES

This flight continues the series of broad scientific investigations

begun with Flight 218. Emphasis is on the effects of the space environment

on equipment, materials, and structures and further observation of the

environment. An operational development phase will be achieved with the

launch of an unmanned satellite, perhaps an orbiting geophysical observatory,

from the spacecraft. Investigation of advanced subsystems, though highly

important, must be considered a secondary mission objective.
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3. BASIC EXPERIMENT REQUIREMENTS

Table 521-6_ presents a tabulation of estimated equipment weight

xrnturvlt-_ Lit-v,, i I I I ...... ,C:_i_4-- ±..... 4_ .... 4-_ C_ 4-!_4_ _4om4_
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Flight 523

FLIGHT 523: ASTItONOMY AND PIiYSICS

I. EXPERIMENTAL PROGRAM

This flight is launched to an altitude of 200 nm at an orbital inclination

of 28.5 degrees. It carries three men for 45 days.

Although the experiments for this mission were not integrated into

the spacecraft by S&ID, some data were generated for use in the total

analysis of experimental requirements on the spacecraft systems. Knowledge

of experiments on the flight has a direct bearing on Flights 229 and 230,

which rendezvous with Flight 523 and continue certain experiments to the

90-day and 135-day duration levels. Experiments included on the flight are:

Standard Group

0101-0121

0201-0203

0501

Mission Group

0401-0406

1301

0601-0604

0605

0606

0701

0702

0703

0704

0705A

1401

Biomedical Series

Behavioral Series

Radiation Environment Monitoring

Physiological and Biological Effects of Space

Effects of Space Environment of Structures

Fluid and Gas Dynamics Studies

Crystallization Studies

Cosmic Ray Emission

Emission Line Radiometry

Intermediate-size Reflecting Telescope

Manned Coronagraph

Study of Nearly Solar-like Stars in X-Rays

Radio Astronomy 1-5 MCPS Range

Personal Hygiene and Food Technology
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Flight 523

2. MISSION OBJECTIVE

to prelin_inary analysis. The major purpose of Flight 523 is to continue

solar and stellar observations under refinements suggested by earlier

studies. Basic studies leading toward improvements in the design and

engineering of systems and components are continued, and the latest series

of biosciences studies on living organisms is begun, to be continued into later

rendezvous Flights 2Z9 and Z30.

At this point the effects of the space environment on man should be

defined in depth on a time line for body functions and behavior through

45 days. However, two crewmen will be tested extensively, since they will

transfer to Flight 229 at the end of 45 days and will remain with that flight

for another 45 days. One man may remain with Flight Z30 for an additional

45 days. Man's ability to perform operational tasks in space should be

known, and techniques and procedures for most operations should be well

established. Therefore, hulnan experimentation will be predominantly a

matter of hypothesis testing under rigorously controlled conditions. Bio-

science studies will now be emphasized and will be accomplished in space

laboratories containing customized equipment and utilizing experiment

techniques and programs equal to the best of ground laboratory research.

3. BASIC EXPERIMENT REQUIREMENTS

The estimated weight, volume, crew time, Electrical Power System

EPS), and Stabilization Control System (SCS) are presented in Table 523-66.
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i. EXPERIMENTAL PROGRAM

This flight will rendezvous with Flight 523, which is in a Z00-nautical-

mile, circular Earth orbit with an inclination of 28.5 degrees. The flight

will have three crew members and is scheduled for a duration of 45 days.

The experiments that are to be performed are as follows:

Standard Group

0101-0121

0201-0203

0501

Extended Group

Experiments from Flight 523 that require extended duration will be

continued if operationally feasible.

Biomedical Series

Behavioral Se rie s

Radiation Environment Monitoring

New Mission Group

1302 Deployment of RF Reflective Structures

1305

1306

1504

Note:

Deployment and Observation of Gravity Gradient

Structures

Large Aperture Space Erectable Antenna (30-foot

diameter )

Development of Personnel and Cargo Transfer

Operations (Joint with Flight 523)

Experiments begun on Flight 523 will be continued

to limits of crew time.
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Fli _ht 229
o

Z. MISSION OtJJigt_llvJ_

Flight 229 objectives include continuation of the basic experimentation
r- -_

_V£ tll _ .........h_m_n on Flight _2_. - .... the addition of major t_=t_ on o_tons_on and

erection of structures such as antennas and balloons.

Two of the original Flight 523 crew will remain in space for another

45 days while the remainder return to Earth in the Flight 523 CM. The

various biomedical, behavioral, and scientific studies of Flight 523 will

continue to the limits of crew time available. Additional experiments

allocated to Flight 229 include several deployment-type mechanical experi-

ments. The deployment and observation of a fibrous rf reflective

structure, Experiment 1302, supplements the same test of the earlier

Flight 509. Similarly, the deployment, observation and usage of a large

diameter erectable antenna (Experiment 1306) repeats and amplifies a

previous test in Flight 509.

_-1__ _^,__,;1_+,, ,_" d,_pl_ymont of a large inflatable lenticular rf

reflector device is the task of Experiment 1305. The deployed structure

is shaped so that gravity gradient forces stabilize its earth-oriented attitude.

Ground radar observations will determine its radio reflective characteristics.

The exchange of the crew member and replenishment of vehicle and

experiment expendable s at the time of rendezvous will fulfill the transfer

requirements of Experiment 1504.

3. BASIC EXPERIMENT REQUIREMENTS

The weight, volume, crew time, EPS, and SCS requirements are

listed in Table 229-67.

4. CONDENSED MISSION/EXPERIMENT CHARACTERISTICS

Pertinent parameters of the experiments carried on this mission are

shown inTable229-68. This data formed the basic input to the automatic

experiment scheduling program. Reference may be made to paragraph 4,

Flight 209, for detailed description of the parameters presented in the table.

5. DATA MANAGEMENT REQUIREMENTS

The data management requirements are primarily those imposed by

the biomedical, behavioral, and radiation monitoring experiments, which

have been discussed in previous flights. The requirements for the mission

are listed in Table 229-69.
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EXP.

L NO. NO.

010261

010252

010243

010361 0103

010352

343

0104

0104

0104

010561 0105

010652 0106

010843 0i08

010961 0109,0110

010952 0109,0110

010943 0109,0110

161 0111

01115Z 0111

011143 0111

011261 llZ

011252 112

011243 011Z

011361 113

01135Z 0113

011343 0113

011307 0113

011407 0114

011501 0115

011502 0115

011503 0113

i165Z 16

11761 0117

011752 17

011743 0117

11761 0117

51175Z 0117

511743 0117

011807 0118

511807 0118

FREQ

1/7 Da,

1/7 Days

1/7 Days

TI

//2

) _-_ - POWER | SCS _ UAIA

ANY l STAND-BY l OPERATING l ORIENTATION IATTITUDEI BITS ITRANS- (LB) IV(

T TL_ I _ [ _ ]" _ [ T sTS-E5MITTED C....... . ................. ! E
..... * ,. t t t T T ! l' MLMBtR'

40 40 30 - - -':" rnin A 7 7.0

40 40 40 30 - - _',-- minA 7

4O

1/3 Da_ 50

1/3 Da, 50 50

1/3 Da_ 30 50

1/3 Da_ 20

1/3 Da_ Z0 Z0

I/ 3 Da_ 20 20

1/7 Da_ 80

l/ 6 Da: 30 30

Z/i Da_ Z5 3

1/7 Da_ 35

1/7 Da_ 35 35

1/7 Da_ 35 35

2/7 Da 15

2/7 Da 15 15

2/7 Da_ 15 15

1/7 Da

1/7 Da

1/7 Da

1/7 Da

1/7 Da

2/7 Days

3/Mis sion

3/Mission

3/Mission

Mission

I/Z Da-

i/Z Da"

1/7 Da"

1/2 Da ,

TDays

40 40 30 - - -",_ rain A 7 -

6 40 - - - 1 minA 1 min 33.6

6 40 - - - min A 1 min -

6 40

6 15

6 15

6 15

25 60

min A i min -

rain A 3 min 5.0

- 3 min A 3 min -

rain A 3 rain -

- 473

8 30 - - - min A 2 min -

3 !5 - - - minA 4 rain 3.0

56 10 - - - rain A 4 rain 30.0

56 10 - - - minA 4 min

56 10 - - - min A 4 min

15 5 - - - 1 minA 1 min 3.2

15 5 - - - i min A i min

15 5 - - - 1 min A 1 min

5 i0 5 ..... 36.8

5 5

5 5

i0 5

i0 5

4O 5 40

40 4O

40 4O

5 4O

min A Z min 0.6

Z min A 2 min -

5 IZ0 - - - 2 rain A Z min

60 5 60 ......

10 4.5 i0 ..... 0.5

1 i0 - - * - - -

!0

160

I i0 - - ;','_ -

I0

3O

5

5

23

23

I I0 - - _',-" - -

5 160 .....

I0 15

i0 15

12.8
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SchedUle during Ist 2 days only

Schedule during 1st Z days onl?

Schedule during 1st 2 days only

Start _7 days a_ter 0117"61
6

Start 7 days after 011752

Start 7 days after 011743

SchedUle durin_g 1st 2 days only
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EXP.

NO. NO.

L__l

011907 0119

511907 0119

011207 0120

511207 0120

611207 0120

012107 0121

512107 0121

612107 0121

F REEZ

020161 0201

ucu152 0_1

020143 0201

520161 0201

520152 0201

520143 0201

020261 0202

020252 0202

020243 0202

020361 O2O3

020352 0203

020343 0203

520361 0203

520352 0203

520343 0203

150461 1504

150452 1504

150443 1504

130507 1305

630507 1305

130207 1302

130607 1306

63O607 1306

040207 0402

54O207 0402

640207 0402

FREQ

|

Day s

1/7 Days

1/14 Days

1 / 14 Da_

l/14 Days

i/14 Days

1/14 Days

1/14 Days

"ER) AND RI

1/6 Da,

1/6 F)a,

1/6 Days

1/6 Da,

I/6 Days

1/6 Da,

l/3 Days

1/3 Days

1/3 Days

i/6 Da,

i/6 Da,

I/6 Days

.Days

1/6 Days

1/6 Da

6/Mission

ssion

6/Mission

I/Mis sion

i/Mission

i/Mission

i/Day

2/1 Day

I/I Day

I/i Da"

T

#2 #3

t POW ER

:ANY _ STA N_D-BY OPERATING

I W T,S[
IMEMBER,

scs
T

ORIENTATION

HOLD

DATA

BJTS

STORED

TRAN S-

MITTED

.j WEIGHT
it h%

tLo;

- ! - i
30 - - 10 30

20 - - 10 15

20 - - 10 15

20 - - 10 15

35 - - 5 1440

35 - - 5 1440

35 - - 5

FOR AZ _OVE PE 50

F

19.0

1440 .....

Cont. - ....

75.033 30 26

82 33 30 26

82 33 30 26

8 30

32 8 30

32 8 30

6 .....

26 ......

26 ......

14 105 50

63 14 105 50

63 14 105 50

160 75

100 160 75

I00 160 75

160 15

40 160 15

40 160 15

iZ0 200 95

120 iZO 200 95

95

200 95

95

600 30

95

120

15

120

Toward Earth 30

540

1250

120 !20

120

15

1Z0

60

10

30

60

30

60O 6O Toward Earth 60 - - -

Cont ......

for - -

- 150

- 525
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INTEG.I EXP. " Pki- i

NO. NO. OR!TY

li ! !
040407 f 0404 130!

540407 0404 130Z

040507 0405 1401

040607 0406 i501

040107 0401 1601

040307 0403 1701

050101 0501 1702

050102 0501 1703

050103 0501 1704

130177 130t 1705

0701

0702

070307 0703

570307 0703

1706

1707

0704

0705A

1401

060107 0601 1803

560107 0601 1804

060207 0602A 1901

560207 0602B 1902

060307 0603A 1903
i i

560307 0603 B 1904

060407 0604 1905

060507 0605 1906

060607 0606 1907

560607 0606 1908

FREQ

8 / Day

3 / Day

4 / Day

8/Mission

6/Mission

3 / Day

1/3 Day

1/3 Day
i

1/3 Day
i

Z/Mission
i

1/3 Days,

1,/8 Days

ii

J

1/Day

1 /Day

1/4 Day
i i

i/g Day

I0/VIis sion

5/Mission
J ,i

2/Mission
i i

l/2 Days

l/Mission

1/Iv[is sion
3

I
I

#I

4

C_ECv' T,L,= iaa-,_ITEStI IIVII- _,lv|l, _ - -I '

#2 #3

. !

ANY

CREW

STAND-BY

POWER

MEMBER

i5

2O

I
i r_DI::D ATI NG

I kJ! L.,.,., ....MIN WATTS MIN

45

5

125

5 [ Cont
Cont

WATTS

Cont

SCS
!

_,_k ,T A T |r""'_ K|
KII- IXl I/"% ! iv, .

DATA

ATTITUDE ,.,,, ..,D,ITq

WEIGHT

(LB)jTRANS-
i _, ,A I TTEI"% i

HOLD STORED l,w,, ,_-_-

IMIN 1

_ ! _

I

17
!

_ ! - ! -
108

15

lO 125 5

4

i0

4

120/120

10 Cont

53 Cont

for

45 Days

200 I00 !00

12,000

per

orbit

i/Sec

per

orbit

8O

65 I00 15 200 30 Towar is Sun 30

45

20 10 15 lO

11 250 5

135 50 15 133 20

60 i00 30 i01 15

60 100 30 150 15

5

120

15

- 3

- 5

15 5O

iZ0 50 30 i00 90

150 40 30 200 120

9O

3O

30

130 3

50 90

120

Towal ds Sun 30

Towards Sun i0 Days

10.1



STORED

VOLUME

CU. FT.

0.05

3 hour ±i hou:

8 hou_ ±Z hou betwee:

6 hour +Z betweer

iAt 20

Need

Canno

Peak

Start

Need

Need

Do not

)s Planarla
w

exps Newts

0.16

0. i

0.25

0.0Z

0.01

0.35

Peak

Peak

Sche

exps

ays +2 and

be Ltinued

be cont as )rimar,

25 W 2 mi_

:heduli after 0 7

be co] tinued

be coi

- time

[e

[e 10

r 20 W 20 m

15( W 5 mi]

20 W 20 m

30th da

s after 60607

I at 40 d _ys ±2 tys

LCCOUrlt( for in tim
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Table 229-69. Data Requirements Summary

ACQ

RATE

(BITS/SEC)

ACQ

PERIOD

(MINUTES)

TAPE

EXP SPEED

FREQ (IPS)

0101, 010'2 Analog 7 3/7 Days

0103, 0107 Analog 1 1/Day

0104 Analog 3

0105 --

0106

0108

0109, 0110

0111

0112

0113

0114- 0121

0201-0203

1504

Analog

Analog

Analog

1305

1302

1/Day

2 1/6 Days

4 2/Day

4 3/7 Days

1

1306 =-

0401-0406 --

0501 3 Cont

1301 --

0703 --

0601-0606 --

15

15

15

15

¥

6/7 Days 15

3/7 Days 15

L..-Ju,...- .... _l
237 -

TAPE QUANT XMSN

PER ACQ PER TIME/MISSION

(FT) (MINUTES) REMARKS

525 135

75 45

225 135

None

150 15

300 360

300 78

75 39

None

150 33

None

None

None

None

5 Min

Video

None

None

Multiplexed

with Other

Exper

Video &

Film

Film

None

SID 65- 500-2A
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Total transmission time of experiment recorded data is 840 minutes

for the 45-day mission, or an average of 18.7 minutes per day.

The data management profiles that have not been included in previous

flights include :

Experiment 0701: Two hours per day of analog recording inter-

ferogram, playback not required. DSE has a total capacity of 48 hours

of single channel recording with a frequency response of 25 kc if no

simultaneous digital recording is permitted.

Experiment 0405: 50 bps continuous

Experiment 0704: 3Z bps from 120to 150 minutes after test start

Experiment 0705A: 150bps from 5 to 6.5 hours after test start

Experiment 1301: 63 bps from 40 to 160 minutes after test start

6. POWER PROFILES

Figure ZZ9-21containsthe operating power profile for each experimental

task that has not appeared in a previous flight. The experiments that follow

use continuous power as indicated:

,

Experiment 0402 - 125 watts

Experiment 0403 - 10 watts

Experiment 0404 - 5 watts

Experiment 0405 - 125 watts

REACTION CONTROL SYSTEM AND SERVICE PROPULSION
SYSTEM REQUIREMENTS

The RCS and SPS propellant requirements are listed in Table 229-70.

8. CONTROLS AND DISPLAYS

The integrated control and display panel is modified by adding two

rotary controls and additional toggle switches.

9. CREW FUNCTIONS

Crew times associated with experiment operations on the flight are

shown in Table 229- 71. These times are listed as specific to certain

crew members, referrable to any crew member, and as total mission times.

- 238 -
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2OO

T S0 --

50

z5

0

EXPERIMENT

2O

I , i

40 60 80

MINUTES

EXPERIMENT 0401

100 120

5O0

2.g_,

100 ¸

EXPERIMENT

1
2O

' Ii

4O 6O

MINUTES

EXPERIMENT 0703

80 I00 120

50C

4OO

2O0

I00

EXt_RIMENT

EXPERIMENT

__i L i ]
2O 4O 6O

MINUTES

80 I00 120

Figure 229-21. Operating Power Profiles
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Expe rim ent Maneuver

Requirements

! Propellant (lb)
Operations Conf C Conf D

RCS REQUIREMENTS

i0101-0102

1504

1305

1302

1306

1301

0703

0605

Spin profile
Linear accelerations

Ma neuve r s

Attitude hold

1Ylaneuve r s

Attitude hold

Maneuvers

Maneuvers

Attitude hold

Maneuvers

Maneuvers

Attitude hold

Maneuvers

Attitude hold

19

6

36

29 hr

17

6 hr

8

13

6 hr

15

8 hr

22

II hr

Total Weight

1890

78

70

21

33

4

16

25

9

4

19

8

28

12

2217

2390

78

88

28

42

5

2O

32

II

5

24

10

35

14

278 2

SPS PROPELLANT REQUIREMENTS

0101 10 second firings
Rendezvous with 523

4Z00

650

_'r _.ll "d_qb dff, •- 240-
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Table 229-7i. Crew Times

Expe rim ent

0703

1301

1305

1305

0100-0200

D501

D401-0406

O601-0606

1302

1306

1504

TOTAL

Specific to

C-- (rnin) Any C

C-I C-2 C-3 (rain)

120

Total

(hr) Remarks

65 20. 0 Astronomical observations

120 8.0

120 5.8 Deployment of EV

structures

15

471.8

3.0

407.5

111.5

2.0

i0.0

72.0

1111.6

Crew operations associated with systems management are generally

for a 45-day flight including rendezvous and docking operations with

Flight 523. The experiments in which this flight differs from preceding

flights involve the general type of crew-equipment operations associated with

spectral astronomy (Experiment 0703 ) and deployment of extra-vehicular

structures without an EVA requirement. The crew functions associated with

the experiments are described in Table 229-72.

10. SUMMARY OF MISSION ACCOMPLISHMENT

Experiments 0101 and 0102 of the biomedical series will be modified

by deletion of several spin-ups due to RCS propellant limitations. Three of

18 spin-ups will be deleted from configuration C, and six of 18 will be deleted

from configuration D. No linear accelerations (SPS firings) will be conducted

because of weight limitations.

- 241 -
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Function
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Flight 229

Crew Experiment Function Description

De s c ription

EXPERIMENT 0703

Setup, periodic

Align

Pilot

Observe, direct, non-man

Process

Data process

Record

Install filters; program exposure sequence,

including calculating exposure time; check out

equipment; initiate target lock; load camera

Visual image alignment

Attitude orientation and s tabiliz ation

Monitor image

Process film

Evaluate and interpret data

Log record observations

EXPERIMENT 1301

Setup, initial

Observe, direct, non-man

Observe display

Tear down, final

Photo

Record

Check out equipment; initiate inflation

Monitor inflation, direct visual

Possible monitoring of leakage, temperature

May deflate and collect samples for return

Photo coverage of deployment, inflation, statu,

Log second observations

EXPERIMENT 1305

Set-up, initial

Observe, direct, non-man

Photo

Record

Checkout equipment; initiate ejection; initiate

unfolding

Visual observation of ejection and unfolding

Photo cove rage of above

Log record observations.

- 242 -
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FLIGHT 230: ASTRONOMY LOGISTICS II

1. EXPERIMENTAL PROGRAM

This flight will rendezvous with Flight 229 which is in a 200-nautical-

mile, circular Earth orbit with an inclination of 28.5 degrees. The flight

will have three crew members and is scheduled for a duration of 45 days.
The experiments that are to be performed are as follows:

Standard Group

0101-0121

0201-0203

0501

Extended Group

Experiments from both Flight 523 and Flight 229 that require extended

duration will be continued if operationally feasible.

New Mission Group

1506

2.

Bio me dic al Ser ie s

Behavioral Series

Radiation Environment Monitoring

Propellant Handling Techniques

MISSION OBJEC TIVES

Transfer of propellants between orbiting spacecraft as a major

innovation in space operations and prolonged space environment effects

(135 days) on man are the primary purposes of this flight. This mission will

permit the investigation of a number of techniques of fluid handling such as

bladder expulsion, acceleration expulsion, etc. The propellant handling

experiment necessitates extra-vehicular activity, and exposure to space

radiation is a concomitant hazard. In this sense, the experiment restricts

orbital altitude. Also the Radiation Environment experiment initiated on

Flight 523 will be continued and conducted simultaneously with the extra-

vehicular activity. Because it is highly desirable that extra-vehicular

activity be observable, vehicle attitude control is important, or space
activities must be confined to the visual limits of a window or closed
circuit TV camera.

- 243 -
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In addition, experiments begun on Flights 523 and Z29 .... 11w_-_ be

continued insofar as feasible.

One crewman from Flights 523 and 229 will possibly remain with this

flight. For him the biomedical/behavioral experiment program wili be a

continuation of the complete and comprehensive survey of man's response to

prolonged exposure to space. For the other crewmen, the human experiment

program will be based on requirements indicated from an earlier 45-day

experience.

It is reasonable to speculate that the major problems associated with

the human aspects of space flight will have been resolved. However, with

each incremental increase in time duration of flights, man's response must

be studied comprehensively. The further the data points on all human

functions can be extended by empirical study, the more reliable will be the

extrapolations to space travel of the future.

The Radiation Monitoring experiment (0501)will accumulate long-term

data pertaining to the radiation environment at low and synchronous altitudes.

Scheduling of these experiments will be such as to extend over the whole
mission duration without interference with other scientific and technical

experiments.

The nature of the experiments conducted on this mission is such that

no limitations are imposed on orbital characteristics. The vehicle is

required to rendezvous with the Flight 229 vehicle and similar orbital

parameters are therefore required. Stabilization requirements are

essentially within normal de sign capabilities ; however, additional experi-

ments initiated on Flight 523 may require added stabilization capability.

Great care should be taken on this flight to minimize the

explosive hazard due to static charge generation occurring ag a result of

propellant transfer. A requirement exists for transferring propellant

by means of a liquid cargo transfer system from at least 100 yards away
from the vehicle. It is essential that basic assembly operations in space

and EVA techniques be mastered before the most advanced phase of this

experiment is performed.

3. BASIC EXPERIMENT REQUIREMENTS

The weight, volume, crew time, EPS, and SCS requirements are

presented in Table 230-73.

244 -
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4. CONDENSED MISSION/EXPERIMENT CHARACTERISTICS

Pertinent parameters of the experiments carried on this mission are

shown in Tabie ?.30-74. Thi_ data formed the basic input to the automatic

experiment scheduling program. Reference may be made to paragraph 4,

Flight Z09, for a detailed description of the parameters presented in the

table.

5. DATA MANAGEMENT REQUIREMENTS

As indicated in Table 230-75. with the exception of Experiments 1504

and 1506, the additional experiments listed will require either real-time

.TV transmission and/or film recording, or no data management at all.

Experiments 1504 and 1506 will be conducted simultaneously at a total data

acquisition rate of 167 bits per second, for a period of 100 minutes repeated

three times per mission. The standardized data management subsystem

described in Section I will readily process the data for these two experiments

in the low-bit rate mode at the record tape speed of 3-3/4 ips, with a tape

accumulation of 1675 feet per data acquisition period. During transmission

of this data to Earth the tape playback speed will be 120 ips, requiring a

total mission transmission period of 9.5 minutes. Total transmission time

for all analog and digital data of Flight 230 is 849.4 minutes for the 45-day

mission, or an average of 18.9 minutes per day.

The data management profile for Experiments 1504 through 1506

requires 167 bits per second from 30 to 150 minutes after test start.

6. POWER PROFILES

Figure Z30-ZZ contains the operating power profile for each experimen-

tal task that has not appeared in a previous flight.

7. REACTION CONTROL SYSTEM AND SERVICE PROPULSION

SYSTEM REQUIREMENTS

The RCS and SPS propellant requirements are listed in Table Z30-76.

8. CONTROLS AND DISPLAYS

The integrated control and display panel is modified by deleting the

digital read-out component and adding a circular indicator and rotary.

- 246 - F-
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INTEG. EXP. PRI-

NO. NO. IORITY

010261 )101,0102 i

OlOZSZ )101,0102

010Z43 )101,0102

010361 )103,0107

010352 )103,0107
t

010343 0103,0107

010461 0104

010452 0104

010443 0104

010561 0105

010652 0106
ii

010843 0108

010961 Ol09,0110

010952 Of 09,0110

010943 0109,0110

011161 0111

011152 0111

011143 0111
i

O11261 011Z

011252 011Z

O11243 0112

011361 0113

O11352 0113

011343 0113

011307 0113

011407 0114
i

011501 0115

011502 0115

011503 0115

01165Z 0116
I

011761 0117

011752 0117

011743 0117

511761 0117

511752 0117

511743 0117

011807 0118

511807 0118

1141

1142

1143

I001

1002

1003

1021

I022

1023

1151

1011

1031

1041

1042

1043

Iiii

1112

1113

1044

1045

1046

1121

I122

1123

1124

1131

1161

1162

1163

1171

lO51

1052

1053

1055

1056

1057

1054

1058

FREQ

1/7 Days"

1/7 Days

1/7 Days

1/3 Days

1/3 Days

1/3 Days

1/3 Days

1/3 Days

1/3 Days

1/7 Days

1/6 Days

2/1 Days

1/7 Days

1/7 Days

1/7 Days
i

2/7 Days
i

2,/7 Days

2/7 Days

1/7 Days

1/7 Days

1/7 Days

1/7 Days,

1/7 Days

1/7 Days

1/7 Days

2/7 Day s

3/Mission
ii i i

3/Mission
i,

3/Mission

l_Mission

I/Z Days

llzDay%

1 / 2 Days

1/7 Days

1/7 Days
1/7 Days

1/2 Days

1/7 Days

CREW TIME[MINUTES

//I #2 _ #3
i

I

40 _
i'

5O

2O

I0

35

15

5

4O

I0

i

40

5O

20

30

POWER DATA [WEIGHT

BITS TRANS- (LB)

STORED MITTED

I A I

7 min A 7 mir_ 7.0

7 min A 7 mir_ -

! ¢_C I
I ,! J "_" I

ANY STAND-BY OPERATING ORIENTATION ATTITUDE

CREW WATTS MIN WATTS MIN HOLD

MEMBER , (MIN)

40 40 30 - - _

40 40 30 - - ;','

_]40 40 40 30 - - ;:" 7 rain A 7 min A -

50 6 40 - - ' - 1 min A 1 min 33.6

50 6 40 - - - 1 min A 1 min -

50 50 6 , 40 - - - 1 min A 1 min -
20 6 15 - - - 3 min A 3 min 5.0

20 6 15 - - - 3 min A 3 min

20 20 6 15 - - - 3 min A 3 min -
i

80 25 60 ..... 473

30 8 30 - - - 2 min A Z min

Z5 5 5 15 - - - 4 min A 4 min 3.0

35 56 10 - - - 4 min A 4 min 30.0

35 35 56 10 - - - 4 min A 4 min -

35 35 56 10 - - - 4 min A 4 min -

15 15 5 - - - 1 min A 1 min 3.2
i

15 15 15 5 - - - 1 min A 1 min -
i

15 15 15 5 - - - 1 min A 1 min -

5 i0 5 ..... 36.8

5 5 I0 5 ......

5 5

4O

40 40

I0

40 40

6O

i0

i0 5

5 40 - - - Z min A 2 min 0.6

5 40 - - - 2 min A 2 min

5 IZ0 - - - 2 min A 2 min

5 6O

4.5 10 ..... 0.5

1 10 - - * - - -

1 10 - - ':' - - -

160

5

5

5

5

l0

5

i I0 - - *

30 5 160 ..... 47.9

........

........

23 I0 15 ..... 12.8

Z3 I0 15 ......

/
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CU. FT.

0.6

1.8

i.o

9.0

0.25

1.5

0.05

Z.I

0.01

O.Z5

Z.O

0.ii

*0RP_4, 3 RPII, 6 RPII, 9 RPh , 6 RP_I, 3 RP]JI,

AAIso real tim, TV or :ine-camera for 5 min/exp
i

Lab work for _I13
l &

Schedule on 31successive days}*Minimum rotation

I
Schedule during 1st Z days onl_

Schedule during 1st 2 days only I

Schedule during 1st Z days only
0

Start'7 days after 011_61

Start'7 days after 011752
|

Start 7 days after 011743

Schec[ule during 1st 2 lays only

Sta'rt,7 days,, after, 011807, J

or_ v &rid !.NFORMATION SYSTEMS DIVISION

Flight Z30

I*

- Z47, Z48 -

I
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Table Z_u-,4. Flight 230 _xperiment Parameter (Sheet i of 3)
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NO. NO.

511907 0119

011207 0120

511207 0120

611207 012-0

1Zl07 OiZ1

512107 OIZl

O121

020161 0201

52 0201

0201

520161 0201

520143 0201

020261 0202

20252 0202

020243 0202

020361 0203

020352 0203

020343 0203

520361 0203

520352 0203

520343 0203

150461 1504

150452 1504

1504

130507 1305

630507 1305

130207 1302

13O6O7 1306

6306O7 1306

040207 0402

540207 0402

640207 0402

FREQ

1/7 Days

I/14 Da,

i/14

1/ 14 Da,

1/14 Da_

1/ 14 Da_

i/14 Da_

AND R]

1/6

I/6 Da,

1/6

1/3 Da_

1/3 Da_

I/6 Da_

1/6 Da_

1/6 Da_

1/6 Da_

Dn

6/Mission

1/Mission

1/Da

1/Mission

1/Mission

1 Da

1 1Da"

1 1Day

T

#2 //3 ANY

CREW
_ *_k4D_D
/VtL l¥1u L-,_

30
30

20

20

20

35

35

35

POW ER
I'

STAND-BY OPERATING

WATTS _ MIN WATTS MIN

i0 30

I0 30

I0 15

i0 15

I0 15

5 1440

5 1440

5 1440

;RATOR FOR OVE 50 Cont.

33 30 26

82 33 30 26

82 33 30 26

8 30 26

32 8 30 26

32 8

14

63 14

63 14

i00

I00

4O

iZO

120

IZO

IZO

15

IZO

60

I0

6O

3O

4O

120

120

30 26

z.' . ,._ _ -_,.?,,,.'.f.% ,.

SCS

ORIENTATION

HO LD

DATA WEIGHT

BITS [TRANS-
STORED MITTED •

- 19.0

j
i

J

75.0

105 50 ......

50 ......

105 50 ......

Earth

Towa_ Earth

95

160 75

95

120

15

120

3O

6O

- 540

160 75

160 75

160 15

160 15

15

200 95

200 95

6OO 3O

600 60

for

- 1250

150

- 525
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Table 230-74. Flight 230 Experiment Parameter (Sheet 2 of 3)

_L JA

KrNM_K_

1.7

3.13

r-- _1 _
0GII¢¢

Star1

Sche

' Sche

Sche

lulc durJ

7 days

after 3C

_t includ

lule 3 d;

lule 3 d_

_ule 3 d_

,n_ Ist Z

fter 011

davR

in mis

vs after

ys after

ys afte r

;ions les

020161

020152

0Z0143

Schedule_ _ d_v._ afros 020_61

. Schedule 3 days after_OZ0352

than 3( days

Sche _qule 3 d; vs after 020343

6.5 ScheJule day i. 9. 17 Z5. 33_ 41

- ScheJule day 2, 10, 1 , 26, 34 42

_ ScheJule day 3, ii, I_, 27, 3! 43

26.2 $che Jule on day.4

- Sche [ule on cay 5 through Z0

Sche iule on c ay 21

,y

04 Schedule on c ay 22.

- Schedule afte T 130604 and on _av 2?.,

- 12 h mrs ±1 _.r betwe, in exps. E. Cole
- Pseudomonas

i I
- Paramecium and hela cells

23. ,5, 26 aJ_d 27

L__ ".\
N.

249,250 -
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INTEG.

NO. NO.

040407 0404

_40407 0404

0405

040607 0406

0401

040307 0403

0501

05010Z 0501

050103 0501

130177 1301

0701

070Z

0307 0703

570307 0703

0704

0705A

1401

)60107 0601

07 0601

07 0602A

07 0602B

0603A

0603B

060407 0604

060507 0605

060607 0606

560607 0606

1 15

15060Z & 1504

150603

650677 1506-II

& 1504

750677 1506-III

FREQ

8/Mis sion

.6/Mis sion

3 Da

1/3 Da

1/3 Da

Z / Mi s s ion

1/3 Days

I/8 Da.

1/Day

1/4 Day

1/Z Day

I0/Mission

5/Mission

Z/Mission

i/7. Da_

1/Mission

I/Mission

1/Miss ion

1/Mis sion

1/Miss ion

1/Mis sion

I/Mission

CREW TiM_"

#2

4

#3

ca!

ANY

CREW

15

20

OI'_AI i:D

STAND-BY _ OPERATJ N_-_

5 Cont

5 Cont

_C9

ORIENTATION

DATA ,,,,-,_ uT¥¥ LI_! IS

BITS TRANS-
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3 ho lrs± 11 our bet_een exps

8 ho lrs ± 2 1 our betv'een exp.,
u

6 hours ± 2 1 our bet_een exp.,

Table 230-74.

REMARKS

I
I

SPACE and INFORMATION SYSTEMS DIVISION

Flight 230

_ _ of _)Flight 230 Experiment Parameter (ohee_ _ _.

|

!

A1 20 days ± Z day_, and 1 at 40 days • 2 day_

Nee I not be

Can lot be c(

Pea _ power

Sta_ t schedu

N_c

Nee

Do

O5

(EVA)

zontinue,

ntinued ,s prima: 'y exper ment
250 W 2 rain

in_ afte: 070307

t not be :ontinue,

t not be :ontinue,l

lot schec aIe - tinm accour ted for a fixed imes

16

I

_5

.72

.01

Pea_ power 200 W 23 min.

Pea_ power 150 W 5 rain

Pea_ power 200 W 2) min

_ch, _dule bef)re 30th day

;ch,,,dule I0 lays aft(It 060607

_ch )dule aft,_r 15060J

_ch ._dule aft, :r 65067"
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Flight 230

Table 230-75. Data Requirements Summary

0101, 0102

0103, 0107

0104

0105

0106

0108

0109, 0110

0111

0112

0113

0114-0121

0201-0203

1506,1504

1302,1305,

1306

0401-0406

0501

0301

0703

0601-0606

ACQ

RATE

(BITS/SEC)

Analog

Analog

Analog

Analog

Analog

Analog

Analog

Analog

167

ACQ

PERIOD

(MINUTES)

i00

Cont

TAPE

EXP SPEED

FREQ (IPS)

3/7 Days 15

i/Day 15

1/Day 15

1/6 Day 15

2/Day 15

3/7 Days 15

6/7 Days 15

3/7 Days 15

3/Mission 3 -3/4

[TAPE QUANT [ XMSN I
I

PER ACO PER TIME MISSION I

(FT) (MINUTES I REMARKS

525 135

75 45

225 135

150 15

300 360

300 78

75 39

150 33

1875 9.5

Video

None

- - Multiplexed

with Other

Exps

Video &

Film

Film

None

- 253 -
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Flight 230
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Figure 230= P-2. Operating Power Profiles
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SID 65=500-ZA



 mmmmm 
SPACE and INFORMATION SYSTEMS DIVISION

Table 230-76. RCS and SPS Propellant Requirements

I l

Flight 230

I
i

Experiment t
Maneuver

I RCS Requirements

i [ Propellant (ib)

I Operations Conf C [ Cord Di I

RCS REQUIREMENTS

0101-0102

1504-1506

1305

1302

1306

1301

0703

0605

Spin profile

Line ar acc ele rations

Maneuvers

Attitude hold

Mane uve r s

Attitude hold

Mane uve r s

Mane uv e r s

Attitude hold

Mane uve r s

Maneuver s

Attitude hold

Mane uve rs

Attitude hold

19

6

5

5 hr

17

6 hr

8

13

6 hr

2

15

8 hr

22

II hr

1750

78

9

3

31

4

15

18

9

4

18

9

26

12

2350

78

12

4

42

5

20

22

II

5

24

I0

35

14

TOTAL WEIGHT 1986 2362

SPS REQUIREMENTS

0101 10-sec firing 6 4200

Rendezvous w/229 - 650

- 255-
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Flight 230

9. CREW FUNCTIONS

Crew times for Flight 230 involve only one experiment not previously
-I: ....... .-I 1_/_ _1.1-1.,_.,_1.-, .I-1,-:^ " _+ ;_ _'1_.^,-1..1^,-1 ._ _l-.'_+_ ..... "+l.

Jvutll .'_t. Lt_-',_._.-L, x , c.t..t.b*J._,t.4c_.tJ. _*a_ u;_'_J_u_x _xxl_t_t. &o o,,...x.tu;_J.,._J._t.J. J. tx %..,J±J.*U.Lt_.CLt..J-Ut* wvJ_bj*

Experiment 1504 in its Phase-I stage. Experiment crew times for Flight 230

are presented in Table 230-77.

Table 230-77. Crew Times

Any C

Expe rim ent (min)

Specific to

Crewman {rain)

C-I C-Z C-3

1506 I and 60

1504

1506 II and

1504

1506 III

0100-0200

0501

0401 -0406

0601 -0606

10703

120 120

120 120

(Possi-

bly)

Total

(hrs)

11.0

471.8

30.0

407.5

111.5

20.0

TOTAL 1042.8

Remarks

Propellant handling and

car go handling combi-

nations

Propellant transfer only

This flight is similar to Flight 229 in many crew operational respects,

as it docks with Flight 229 and involves inter-personal transfer. The only

experiment crew operations not previously discussed are associated with

Experiment 1506 which involves complicated and potentially hazardous fuel

transfer activities. Experiment 1506 is described in Table 230-78.

- Z56 -
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Table g30 -'° C_=w _" .....
(Oe .17-=_._t;£J._££_££L JL _AZ_..I.I.L/££ .U_+,..J. L_/I_LUI£

Function De sc ription

i

]Set-up, periodic

Flight 230

Teardown, periodic

Pilot

Utilize special equip-

ment

Observe, self

Observe, other

Observe, direct, non-

man

Observe, display

Subject

Photo, etc.

Direct transmit

Record

Phase I; connect transfer lines; Phase H-Ill;

EVA steps a-f; connect transfer lines

Disconnect transfer lines; Phase II, III; EVA

steps h-n

Standard docking procedure with deployed tanks

(Phase II, Ill). Roll and V (Phase I)

Utilize tools, etc. to connect-disconnect

transfer lines; utilize fuel control switches

Self observation during connect-disconnect

activities

Observe crew member connecting, disconnectin_

activities

Observe behavior of deployed tanks and transfer
line s

Monitor fuel and other liquid parameters from

display panel; monitor EVA crew member status

Coordinate activities with observer

Camera and TV coverage of connect-disconnect

activities and tank and transfer line behavior

Open line communication between subject,

observer, ground

Log record of observations

I0. SUMMARY OF MISSION ACCOMPLISHMENTS

Possibly the most significant feature of this flight is that a rendezvous

and docking with Flight 229 will extend the in-orbit time of one crew member

to 135 days. Due to RCS propellant limitations, one of the 19 spin-ups

- Z57 - -- AAiIPISP|i'I" I | •
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Flight Z30

vPnnlraa fnr F, Yna-cimant._ 0101 and 010Z will be deleted from configuration C-JL .......... _r- ...........

and 7 will be deleted from configuration D. No linear accelerations (SPS

firings) will be conducted. Consideration will be given to further weight-

saving by deletion of four spin-ups from configuration C and reduction of

zrlgrlL QuraLzoll ol con/iguration 19 to __ _ days. _L' is ainu i_oted *'_^*LI*_L_'_,*_totat

duration of Flights 5Z3, ZZ9, and Z30 is limited to 85 days if configuration D

is utilized.

Propellant transfer tests will be conducted on this flight initially on

the experiments rack and subsequently in free space.

F- 258 -
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